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PREFACE TO THE FIRST EDITION. 


The object of the present volume is: to indicate the char¬ 
acter and, approximately, the extent of the changes produced 
by human action in the physical conditions of the globe we 
inhabit; to point out the dangers of imprudence and the neces¬ 
sity of caution in all operations which, on a largo scale, inter¬ 
fere with the spontaneous arrangements of the organic or the 
inorganic world; to suggest the possibility and the importance 
of the restoration of disturbed harmonies and the material im¬ 
provement of waste and exhausted regions; and, incidentally, 
to illustrate the doctrine that man is, in both kind and degree, 
a power of a higher order than any of the other forms of ani¬ 
mated life, which, like him, are nourished at the table of boun¬ 
teous nature. 

In the rudest stages of life, man depends upon spontaneous 
animal and vegetable growth for food and clothing, and his 
consumption of such products consequently diminishes the nu¬ 
merical abundance of the species which serve his uses. At 
more advanced periods, he protects and propagates certain os 
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cnlent vegetables and certain fowls and quadrupeds, and, at 
the same time, wars upon rival organisms which prey upon 
these objects of his care or obstruct the increase of their num¬ 
bers. Hence the action of man upon the organic world tends 
to derange its original balances, and while it reduces the num¬ 
bers of some species, or even extirpates them altogether, it mul¬ 
tiplies other forms of animal and vegetable life. 

The extension of agricultural and pastoral industry involves 
an enlargement of the sphere of man’s domain, by encroach¬ 
ment upon the forests which once covered the greater part of the 
earth’s surface otherwise adapted to his occupation. The fell¬ 
ing of the woods has been attended with momentous conse¬ 
quences to the drainage of the soil, to the external configura¬ 
tion of its surface, and probably, also, to local climate; and 
the importance of human life as a transforming power is, per¬ 
haps, more clearly demonstrable in the influence man has thus 
exerted upon superficial geography than in any other result of 
his material effort. 

Lands won from the woods must be both drained and irri¬ 
gated ; river-banks and maritime coasts must be secured by 
means of artificial bulwarks against inundation by inland and 
by ocean floods; and the needs of commerce require the im¬ 
provement of natural and the construction of artificial chan¬ 
nels of navigation. Thus man is compelled to extend over the 
unstable waters the empire he had already founded upon the 
solid land. 

The upheaval of the bed of seas and the movements of 
water and of wind expose vast deposits of sand, which ocoupy 
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space required for the convenience of man, and often, bj the 
drifting of their particles, overwhelm the fields of human indus¬ 
try with invasions as disastrous as the incursions of the ocean. 
On the other hand, on many coasts, sand-hills both prctoct the 
shores from erosion by the waves and currents, and shelter 
valuable grounds from blasting sea-winds. Man, therefore, 
must sometimes resist, sometimes promote, the formation and 
growth of dunes, and subject the barren and flying sands to 
the same obedience to his will to which he has reduced other 
forms of terrestrial surface. 

Besides these old and comparatively familiar methods of 
material improvement, modem ambition aspires to yet grander 
achievements in the conquest of physical nature, and projects 
are mediated which quite eclipse the boldest enterprises hith¬ 
erto undertaken for the modification of geographical surface. 

The natural character of tho various fields where human 
industry has effected revolutions so important, and where the 
multiplying population and the impoverished resources of the 
globo demand new triumphs of mind over matter, suggests a 
corresponding division of the general subject, and 1 have con¬ 
formed the distribution of the several topics to the chronologi¬ 
cal succession in which man must be supposed to have ex¬ 
tended his sway over the different provinces of his material 
kingdom. I have, then, in the introductory chapter, stated, 
in a comprehensive way, the general effects and the prospec¬ 
tive consequences of human action upon tho earth’s surface 
and the life which peoples it. This chapter is followed by 
four others in whioh I have traced the history of man’s indu* 
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try as exerted upon Animal and Vegetable Life, upon the 
Woods, upon the Waters, and upon the Sands; and to these 
I have added a concluding chapter upon Man. 

It is perhaps superfluous to add, what indeed sufficiently 
appears upon every page of the volume, that I address myself 
not to professed physicists, but to the general intelligence of 
observing and thinking men; and that my purpose is rather to 
make practical suggestions than to indulge in theoretical specu¬ 
lations more properly suited to a different class from that for 
which I write. 

GEORGE P. MARSH. 

Ikemltr 1 , 1668 . 
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In preparing for the press an Italian translation of this 
work, published at Florence in 1870, 1 made numerous correc¬ 
tions in the statement of both facts and opinions; I incorpo¬ 
rated into the text and introduced in notes a large amount of 
new data and other illustrative matter; I attempted to improve 
tho method by differently arranging many of tko minor subdi¬ 
visions of the chapters; and I suppressed a few passages which 
seemed to me superfluous. 

In tho present edition, which is based on the Italian transla¬ 
tion, I have made many further corrections and changes of 
arrangement of the original matter; I have rewritten a con¬ 
siderable portion of the work, and have made, in the text and 
in notes, numerous and important additions, founded partly on 
observations of my own, partly on those of othor students of 
Physical Geography, and though my general conclusions re¬ 
main substantially the same as those I first announced, yet I 
think I may claim to have given greater completeness and a 
more consequent and logical form to the whole argument 
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Since the publication of the original edition, Mr. Elisde 
Eeclus, in the second volume of his admirable work, La Terre 
(Paris, 1868), lately made accessible to English-reading stu¬ 
dents, has treated, in a general way, the subject I have under¬ 
taken to discuss. He has, however, occupied himself with the 
conservative and restorative, rather than with the destructive, 
effects of human industry, and he has drawn an attractive and 
encouraging picture of the ameliorating influences of the ac¬ 
tion of man, and of the compensations by which he, consciously 
or unconsciously, makes amends for the deterioration which he 
has produced in the medium he inhabits. The labors of 
Mr. Eeclus, therefore, though aiming at a much higher and 
wider scope than I have had in view, are, in this particular 
point, a complement to my own. I earnestly recommend the 
work of this able writer to the attention of my readers. 

GEOEGE P. MABSH. 


Boms, May 1,1878. 
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Natural Advantages of the Territory of the Homan Empire. 

The Roman Empire, at tho period of its greatest expansion, 
comprised the regions of tho earth most distinguished by a 
happy combination of physical conditions. Tho provinces bor¬ 
dering on tho principal and tho secondary basins of the Medi¬ 
terranean enjoyed in hoalthfulncss and equability of climate, in 
fertility of soil, in variety of vegetable and mineral products, 
and in natural facilities for the transportation and distribution 
of exchangeable commodities, advantages which have not boon 
possessed in any equal degree by any territory of like extent 
in tho Old World or the New. Tho abundanco of tho land and 
of the waters adequately supplied every material want, minis¬ 
tered liberally to every sensuous enjoyment. Gold and silver, 
indeed, were not found in the profusion which has proved so 
baneful to tho industry of lands richer in veins of the precious 
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metals; but mines and river beds yielded them in the spare 
measure most favorable to stability of value in tbe medium of 
exchange, and, consequently, to the regularity of commercial 
transactions. Tho ornaments of the barbaric pride of the 
East, tho pearl, the ruby, the sapphire, and tho diamond— 
though not unknown to tho luxury of a people whose conquests 
and whose wealth commanded whatevor the habitable world 
could contribute to augment the material splendor of their 
social life—were scarcely native to tho territory of the empire; 
but tho comparative rarity of these gems in Europe, at some¬ 
what earlier periods, was, perhaps, tho very circumstance that 
led tho cunning artists of classic antiquity to enrich softer stones 
with engravings, which invest the common onyx and cornolian 
with a worth surpassing, in cultivated eyes, the lustre of the 
most brilliant oriental jewels. 

Of these manifold blessings the temperature of tho air, tho 
distribution of tho rains, tho relative disposition of land and 
wator, tho plenty of the sea, tho composition of the soil, and 
tho raw material of the primitivo arts, were wholly gratuitous 
gifts. Yet tho spontaneous nature of Europe, of Western 
Asia, of Libya, neither fed nor clothod tho civilized inhabitants 
of those provinces. The luxuriant harvests of cereals that 
waved on every field from the shores of tho Rhino to tho banks 
of tho Nile, tho vines that festooned tho hillsides of Syria, of 
Italy and of Greece, tho olives of Spain, tho fruits of tho gar¬ 
dens of tho Ilesperides, the domestic quadrupeds and fowls 
known in ancient rural husbandly—all these wore original pro¬ 
ducts of foreign climes, naturalized in now homes, aud gradu¬ 
ally ennobled by the art of man, while conturios of persevering 
labor were expelling the wild vegetation, and fitting tho earth 
for the production of more generous growths. Every loaf was 
eaten in the sweat of the brow. All must be earned by toil. 
But toil was nowhere else rewarded by so generous wages; for 
nowhere would a given amount of intelligent labor produco so 
abundant, and, at the same time, so varied i^tums of th e good 
things of material existence. 
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Physical Decay of the Territory of the Roman Empire . 

If we compare the present physical condition of the coun¬ 
tries of which I am speaking, with the descriptions that ancient 
historians and geographers have given of their fertility and 
general capability of ministering to human uses, we shall find 
that moro than one-half their whole extent—not excluding the 
provinces most celebrated for the profusion and variety of 
their spontaneous and their cultivated products, and for the 
wealth and social advancement of their inhabitants—-is either 
deserted by civilized man and surrendered to hopoloss desola- 
lation, or at least greatly reduced in both productiveness and 
population. Vast forests have disappeared from mountain 
spurn and ridges; the vegetable earth accumulated beneath 
the trees by the decay of loaves and fallen trunks, the soil of 
the alpine pastures which skirted and indented the woods, and 
the mould of the upland fields, are washed away; meadows, 
once fertilized by irrigation, aro wasto and unproductive be¬ 
cause the cisterns and reservoirs that supplied the ancient 
canals are broken, or the springs that fed them dried up; rivors 
famous in history and song have shrunk to humble brooklots; 
the willows that ornamented and protected the banks of the 
lesser watercourses aro gone, and the rivulets havo ccasod to 
exist as perennial currents, becauso tho little water that finds 
its way into their old channels is evaporated by tho draughts of 
summer, or absorbed by tho parched earth boforo it reaches 
the lowlands; tho beds of tiro brooks havo widonod into broad 
expanses of pebbles and gravel, over wliich, though in tho hot 
season passed dryshod, in winter sealike torrents thunder; 
the entrances of navigable streams are obstructed by sandbars; 
and harbors, once marts of an extensive commerce, aro shoaled 
by tho deposits of the rivers at whoso mouths they lie; the 
elevation of the beds of estuaries, and tho consequently dimin¬ 
ished velocity and inert asod lateral 6proad of the streams which 
flow into them, have converted thousands of leagues of shallow 
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sea and fertile lowland into unproductive and miasmatic mo¬ 
rasses. 

Besides the direct testimony of history to the ancient fer¬ 
tility of the now exhausted regions to which I refer—Northern 
Africa, the greater Arabian peninsula, Syria, Mesopotamia, Ar¬ 
menia and many other provinces of Asia Minor, Greece, Sicily, 
and parts of even Italy and Spain—the multitude and extent 
of yet remaining architectural ruins, and of decayed works of 
internal improvement, show that at former epochs a dense pop¬ 
ulation inhabited those now lonely districts. Such a popula¬ 
tion could have been sustained only by a productiveness of 6oil 
of which we at present discover but slender traces; and the 
abundance derived from that fertility serves to explain how 
large armies, like those of the ancient Persians, and of the Cru¬ 
saders and the Tartars in later ages, could, without an organ¬ 
ized commissariat, secure adequate supplies in long marches 
through territories which, in our times, would scarcely afford 
forage for a single regiment. 

It appears then, that the fairest and fruitfulest provinces 
of the Roman Empire, precisely that portion of terrestrial sur¬ 
face, in short, which, about the commencement of the Chris¬ 
tian era, was endowed with the greatest superiority of soil, 
climate, and position, which had been carried to the highest 
pitch of physical improvement, and which thus combined the 
natural and artificial conditions best fitting it for the habita¬ 
tion and enjoyment of a dense and highly refined and cultivated 
population, are now completely exhausted of their fertility, or 
so diminished in productiveness, as, with the exception of a few 
favored oases that have escaped the general ruin, to be no 
longer capable of affording sustenance to civilized man. If to 
this realm of desolation we add the now wasted and solitary 
soils of Persia and the remoter East that once fed their millions 
with milk and honey, we shall see that a territory larger than 
all Europe, the abundance of which sustained in bygone centu¬ 
ries a population scarcely inferior to that of the whole Christian 
world at the present day, has been entirely withdrawn from 
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human use, or, at best, is thinly inhabited by tribes too few in 
numbers, too poor in superfluous products, and too little ad¬ 
vanced in culture and the social arts, to contribute anything to 
the general moral or material interests of the great common¬ 
wealth of man. 


Causes of this Decay . 

The decay of these once flourishing countries is partly due, 
no doubt, to that class of geological causes whoso action wo can 
neither resist nor guide, and partly also to the direct violence 
of hostile human force; but it is, in a far greater proportion, 
either the result of man’s ignorant disregard of the laws of 
nature, or an incidental consequence of war and of civil and 
ecclesiastical tyranny and misrule. Next to ignorance of theso 
law’s, the primitive source, the causa causa rum, of tlio acts and 
neglects w’hich have blasted with sterility and physical decrepi¬ 
tude the noblest half of the empire of the Ciesars, is, first, the bru¬ 
tal and exhausting despotism which Rome herself exorcised over 
her conquered kingdoms, and even over her Italian territory; 
then, the host of temporal and spiritual tyrannies which she 
left as her dying curso to all her w f ide dominion, and which, in 
some form of violence or of fraud, still brood over almost 
every soil subdued by tho Roman legions.* Man cannot 


* In the Middle Ages, feudalism, and a nominal Christianity, whose corrup¬ 
tions had converted the most benoficout of religions into the most banoful of 
superstitions, porpetuated every abuso of Roman tyranny, and addod new 
oppressions and new methods of extortion to thoso invented by older despot¬ 
isms. The burdens in question feU most heavily on the provinoes that had 
been longest colonized by the Latin raoe, and those are tho portions of Europe 
whioh have suffered tho groatest physical degradation. “ Feudalism,” says 
Illanqui, 44 was a concentration of scourges. The peasant, stripped of the 
inheritance of his fathers, became the property of inflexible, ignorant, indo¬ 
lent masters; he was obliged to travel fifty leagues with their oarts whenever 
they required it; he labored for them threo days in the wook, and surrendered 
to them half the product of his earnings during the other three; without 
their consent he could not ohange his residence, or marry. And why, indeed, 
should he wish to many, when he oould scarcely save enough to m ai nt ai n 
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struggle at once against human oppression and the destructive 
forces of inorganic nature. When both are combined against 
him, ho succumbs after a shorter or longer struggle, and the 
fields he has won from the primeval wood relapse into their 
original 6tate of wild and luxuriant, but unprofitable forest 
growth, or fall into that of a dry and barren wilderness. 


f The Abbot A]cum had twenty thousand slaves, called seif*, who 
were forever attached to the soil This is the great cause of the rapid depop¬ 
ulation observed in the Middle Ages, and of the prodigious multitude of mon¬ 
asteries which sprang up on every side. It was doubtless a relief to such 
miserable men to find in the cloisters a reti eat from oppression; but tho human 
race never suffered a more cruel outrage, industry nevor received a wound 
better calculated to plunge the world again into the darkness of the rudest 
antiquity. It suffices to Bay that the prodiction of the approaching end of tho 
world, industriously spread by the rapacious monks at this time, was received 
without terror.”— • Resume dc Vllietuire du Commerce, p. 156. 

The abbey of Saint-Germain-dos-PrSs, which, in the time of Charlemagne, 
had possessed a million of acres, was, down to the Revolution, still so 
wealthy, that the personal income of the abbot was 300,000 livres. Tho abbey 
of Saint-Denis was nearly as rich as that of Saint-Germain-dos-PrCs.— 
Laver one, iSconomie 12 u rale do la France, p. 104. 

Paul Louis Courier quotes from La Bruydro the following striking picture of 
the condition of the Frenoh peasantry in his time : “ One sees certain dark, 
livid, naked, sunburnt, wild animals, male and female, scattered over tho 
country and attached to the soil, which they root and turn over with indomi¬ 
table porsoveranoe. They have, os it were, an articulate voico, and when 
they rise to their foot, they show a human face. They are, in fact, men; 
they creep at night into dens, where thoy live on black bread, water, and roots. 
They spare other men the labor of ploughing, sowing, and harvesting, and 
therefore deserve some small Bhare of the bread they have grown.” ** These 
ore his own words,” adds Courier, “ and he is speaking of the fortvnate 
peasants, of those who hod work and bread, and they were then tho few.”— 
Petition d la Chambre dee Deputes pour lee Villageoie que Ven emptclie de danger, 

Arthur Young, who travelled in Franoe from 1787 to 1780, gives, in the 
twenty-first chapter of his Travels, a frightful oooount of the burdens of the 
rural population even at that late period. Besides the regular governmental 
taxes, and a multitude of hoavy fines imposed for trifling offences, he 
•numerates about thirty seignorial rights, the very origin and nature of some 
of which are now unknown, while those of some others are as ropulsive to 
humanity and morality, as tho worst abuses ever praotised by heathen 
despotism. But Young underrates the number of these oppressive impo¬ 
sitions. Moreau do Jonnds, a higher authority, asserts that in a brief exam- 
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Romo imposed on tlio products of agricultural labor in the 
rural districts taxes which the sale of the entire harvest would 
scarcely discharge; she drained them of their population by 
military conscription; sho impoverished the peasantry by 
forced and unpaid labor on public works; sho hampered 
industry and both foreign and internal commerce by absurd 
restrictions and unwise regulations.* Hence, large tracts of 
land were left uncultivated, or altogether deserted, and exposed 
to all the destructive forces which act with such energy on the 
surface of tho earth when it is deprived of those protections by 
which nature originally guarded it, and for which, in well- 
ordered husbandry, human ingenuity has contrived more or less 
efficient substitutes.f Similar abuses have tended to porpotuato 
and extend these evils in later ages, and it is but recently that, 
even in tho most populous parts of Europe, public attention 

ination ho had discovered upwards of threo hundred distinct rights of the 
feudatory over the person or tho property of his vassal. Sco fitat tieonomique 
et Social de la France, Paris, 1870, p. 381). Most of these, indeed, had been 
commuted for money payments, and were levied on tho peasantry as poouniary 
imposts for tho benefit of prelates and lay lords, who, by virtue of thoir nobil¬ 
ity, were exempt from taxation. Tho collection of tho taxes was onforccd with 
unrelenting severity. On ono occasion, in tho roign of Louis XIV., tho troops 
sent out against the recreant peasants mado more than 3,000 prisoners, of whom 
400 wore condemned to tho gallcya for life, and a number so large that tho 
government did not dure to di*cloHo it, were hung on trocs or broken on the 
wheol.— Mokkau de Jon n kb, Elat Eeononiique cl facial de la France, p. 420. 
Who can wonder at tho hostility of tho French plcboian classes towards the 
aristocracy in the days of tho Revolution t 

• Commerce, in common with all gainful occupations oxcept agriculture, was 
despised by the Romans, and tho exercise of it was forbidden to tho higher 
ranks. Cicero, howovor, admits that though retail trade, which could only 
prosper by lying and knavory, was contemptible, yet wholesale’ oommoroo was 
not altogether to he condemned, and might even bo laudable, provided the 
merchant retired early from trade and invested his gains in farm lands .—De 
Ojjlciis, lib. i. y 42. 

f The temporary depopulation of an exhausted soil may be, in some eases, 
a physical, though, like fallows in agrioulture, a dear-bought advantage. 
Under favorable circumstances, the withdrawal of man and his flocks allows 
the earth to olothe itself again with forests, and in a few generations to 
reoover its ancient productiveness. In the Middle Ages, worn-out fields were 
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lias been half awakened to the necessity of restoring the dis¬ 
turbed harmonies of nature, whose well-balanced influences are 
ao propitious to all her organic offspring, and of repaying to our 
great mother the debt which the prodigality and the thrift¬ 
lessness of former generations have imposed upon their succes¬ 
sors—thus fulfilling the command of religion and of practical 
wisdom, to use this world as not abusing it. 

Reaction of Man on Nature. 

The revolutions of tho seasons, with their alternations of 
temperature and of length of day and night, the climates of 
different zones, and tho general conditions and movements of 
the atmosphere and the seas, dopend upon causes for the most 
part cosmical, and, of course, wholly beyond our control. The 
elevation, configuration, and composition of the great masses 
of terrestrial surface, and the relative extent and distribution 
of land and water, aro determined by geological influences 
equally remote from our jurisdiction. It would honco 6ccm 
that the physical adaptation of different portions of the earth 
to the use and enjoyment of man is a matter so strictly belong¬ 
ing to mightier than human powers, that we can only accept 
geographical nature as we find her, and bo content with such 
soils and such skies as bIio spontaneously offers. 

But it is certain that man has reacted upon organized and 
inorganic nature, and thereby modified, if not determined, the 
material structure of his earthly home. Tho measuro of that 
reaction manifestly constitutes a very important clomont in the 
appreciation of the relations between mind and matter, as well 
as in the discussion of many purely physical problems. But 
though the subject lias been incidentally touched upon by 


depopulated, in man/ ports of the Continent, by civil and eooleeiAstical 
tyrannies, whioh insisted on the surrender of the half of a loaf already too 
small to sustain its produoer. Thus abandoned, these lands often Telapsod 
into the forest state, and, some oentories later, were again brought under 
onltLvaUon with renovated fertility. 
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many geographers, and treated with much fulness of detail in 
regard to certain limited fields of human effort and to certain 
specific effects of human action, it has not, as a whole, so tar 
as 1 know, been made mattor of special observation, or of his¬ 
torical research, by any scientific inquirer. Indeed, until the 
influence of geographical conditions upon human life was 
recognized as a distinct branch of philosophical investigation, 
there was no motive for the pursuit of such speculations; and 
it was desirable to inquire how far wo havo, or can, become 
the architects of our own abiding place, only whoa it was 
known how the mode of our physical, moral, and intellectual 
being is affected by the character of the homo which Provi¬ 
dence has appointed, and we have fashioned, for our material 
habitation.* 

It is still too early to attempt scientific method in discussing 
this problem, nor is our present 6toro of tho necessary facts by 
any means complete enough to warrant mo in promising any 
approach to fulness of statement respecting them. Systematic 
observation in relation to this subject has hardly yet begun, 
and the scattered data which havo chanced to bo recorded havo 
never been collected. It has now no place in tho general 
scheme of physical science, and is matter of suggestion and 
speculation only, not of established and positivo conclusion. 
At present, then, all that I can hopo is to excite an interest in 
a topic of much economical importance, by pointing out the 
directions and illustrating the modes in which human action 
has been, or may bo, most injurious or most beneficial in its 
influence upon the physical conditions of tho earth wo inhabit 

We cannot always distinguish between tho results of man’s 
action and tho effects of purely geological or cosmical causes. 
The dc&tructiou of tho forests, tho drainago of lakes aud marsh¬ 
es, and tho operations of rural husbandry and industrial ait have 


* Qods Alm&gt wenkto van don troon, 

En sohiep elk volk eon land ter woon: 
Hier veette Zij oen grondgebied, 

Dftt Zij oni telven aobeppon liefc. 
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unquestionably tended to produce great changes In the hygro* 
metric, thermoinetric, electric, and chemical condition of the 
atmosphere, though we are not yet able to measure the force of 
the different elements of disturbance, or to say how far they 
have been neutralised by each other, or by still obscurer influ¬ 
ences; and it is equally certain that the myriad forms of animal 
and vegetable life, which covered the earth when man first en¬ 
tered upon the theatre of a nature whose harmonies he was 
destined to derange, have been, through his interference, greatly 
changed in numerical proportion, sometimes much modified in 
form and product, and sometimes entirely extirpated.* 

* Man hot not only subverted the natural numerical relations of wild as woU 
as domestic quadrupeds, fish, birds, reptiles, inseots, and common plants, and 
even of still humbler tribes of animal and vegetable life, but he has effected 
in the forms, habits, nutriment and products of the organisms which minister 
to his wants and his pleasures, changes which, more than any other manifesta¬ 
tion of human energy, resemble the exercise of a creative power. Evi n wild 
animals have been compelled by him, through the destruction of plants and 
insects which furninhod their proper aliment, to resort to food bolonging to 
a different kingdom of nature. Thus a New Zealand bird, originally gran- 
Ivorous and insectivorous, has become carnivorous, from the want of its natural 
supplies, and now tears the llecccs from the backs of the sheep, in order to 
feed on their living flesh. 

AU these ohanges have excroiscd more or less direct or indireot action on 
the inorganlo surfaoe of the globe; and the history of the geographical revo¬ 
lutions thus produced would furnish ample material for a volume. 

The modification of organic species by domestication is a branch of philo¬ 
sophic inquiry which we may almost say has been created by Darwin; but 
the geographical results of these modifications do not appear to have yet been 
made a subject of scientific investigation. 

I do not know that the following passage from Pliny has evor boon cited in 
connection with the Darwinian theories, but it is worth a reference: 

44 Dut behold a very strange and new fashion of them [ououmbors] in Cam- 
pane, for there you shall have abundanoe of them oome up in forme of a 
Quinoe. And as I hoars say, one of them ohaunoed so to grow first at a very 
venture \ but afterwards from the seed of it oome a whole raoe and progenie 
of the like, which therefore they oall Melopopones, as a man would say, the 
Quinoe-pompions or cucumbers.”— Puny, Nat, Hist, Holland's translation, 
book six., o. 5. 

The word euaumii used in the original of this passage embraoes many of 
the ououibitaocw, but the oontext shows that it hers means the cucumber. 
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The physical revolutions thus wrought by man have not in¬ 
deed all been destructive to human interests, and tho heaviest 
blows he has inflicted upon nature havo not been wholly with¬ 
out their compensations. Soils to which no nutritious vege¬ 
table was indigenous, countries which once brought forth but 
the fewest products suited for the sustenance and comfort of 
man—while the severity of their climates created and stimu¬ 
lated tho greatest number and tho most imperious urgency of 
physical wants—surfaces tho most rugged and intractable, and 
least blessed with natural facilities of communication, have 
been brought in modem times to yield and distribute all that 
supplies tho material necessities, all that contributes to tho sen¬ 
suous enjoyments and conveniences of civilized life. Tho 
Scythia, the Thule, tho Britain, the Germany, and tho Gaul 
which the Roman writers describe in such forbidding terms, 
havo been brought almost to rival the native luxuriance and 
easily won plenty of Southern Italy; and, while the fountains 
of oil and wine that refreshed old Greece and Syria and 
Northern Africa havo almost ceased to flow, and tho soils of 
those fair lands are turned to thirsty and inhospitable deserts, 
tho hyperborean regions of Europe havo loarnod to conquer, 
or rather compensate, tho rigors of climate, and havo attained 
to a material wealth and varioty of product that, with all their 
natural advantages, tho granaries of tho anciont world con 
hardly be said to have enjoyed. 

Observation of Nature. 

In theso pages it is my aim to stimulate, not to satisfy, curi¬ 
osity, and it is no part of my object to save my roadors tho labor 
of observation or of thought. For labor is life, and 

Death lives where power lives unused.* 

Self is the schoolmostor whoso lessons aro best worth his wagos; 
and since the subject I am considering has not yet become a 


* Verses addressed by 0. 0. to Bir Walter Boleigh.— Haxlutt, i., p. 608. 
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branch of formal instruction, those whom it may interest can, 
fortunately, have no pedagogue but themselves. To tho natu¬ 
ral philosopher, the descriptive poet, tho painter, the sculptor, 
and indeed every eaniest observer, tho power most important 
to cultivate, and, at tho same time, hardest to acquiro, is that of 
seeing what is before him. Sight is a faculty; seeing, an art. 
The eye is a physical but not a self-acting apparatus, and in 
general it sees only what it seeks. Like a mirror, it reflects 
objects presented to it; but it may be as insensible as a mirror, 
and not consciously perccivo what it reflects.* 

It has been maintained by high authority, that tho natural 
acuteness of our sensuous faculties cannot be heightened by 
use, and hence, that the minutest details of the image formed 
on tho retina aro os perfect in the most untrained as in tho 
most thoroughly disciplined organ. This may be questioned, 
and it is agreed on all hands that the power of multifarious 
perception and rapid discrimination may be immensely in¬ 
creased by well-directed practice.f Tin's exercise of the eye 


•-I troor, at Syncts Sands er lagt i (5iet, 

Mens dotte kun er Iledskab. Synefc strdmmer 
Fra SjeDlena Dyb, og Oieta fine Nerver 
Gaae ud fra Hjemeus hcmmelige Vcorksted. 

Henrik Hertz, Kong Rent's Datter y so. ii. 

In the material eye, you think, sight lodgeth I 
Tho eye is but an organ. Seeing stream eth 
From the soul's inmost depths. The fine perceptive 
Nerve springeth from the brain’s mysterious workshop, 
f Skill in marksmanship, whether with firearms or with other projectile wea¬ 
pons, deponds more upon the training of the eye than is generally supposed, and 
I have often found particularly good shots to possess an almost telescopic vision. 
In the ordinary use of the rifle, the barrel is guided by the eye, but there are 
sportsmen who fire with the butt of the gun at tho hip. In this case, as in 
the use of the sling, the lasso, and the bolas, in hurling the knife (see Badi- 
Net, Lectures , vii., p. 84), in throwing the boomerang, the javelin, or a stone, 
and in the employment of the blowpipe and the bow, tho movements of the 
hand and arm are guided by that mysterious sympathy whioh exists between 
the eyo and the unseeing organs of the body. 

41 Some men wonder whye, in easting a man’s eye at the marke, the hand 
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I desire to promote, and, next to moral and religious doctrine, 
1 know no more important practical lessons in this earthly life 
of ours—which, to the wise man, is a school from the cradle to 
the grave—than those relating to the employment of the sense 
of vision in the study of nature. 

The pursuit of physical geography, embracing actual observa¬ 
tion of terrestrial surface, affords to the eye the best general train¬ 
ing that is accessible to all. The majority of oven cultivated men 
have not the time and means of acquiring anything beyond a 
very superficial acquaintance with any branch of physical know¬ 
ledge. Natural science has become so vastly extended, its re¬ 
corded facts and its unanswered questions so immensely multi¬ 
plied, that every strictly scientific man must bo a specialist, and 
confine the researches of a whole life within a comparatively 
narrow circle. The study I am recommending, in the view I pro- 

sbould go streighto. Surely if he considered the nature of a man’s eye ho 
would not wonder at it: for this I am certain© of, that no servaunt to his 
maistcr, no childe to his father, is so obedient, as every joynte and peeoe of 
the bodye is to do whatsover the eye biddea.’’— -Roger Ascham, ToxopJiHut y 
Book ii. 

In shooting the tortoises of the Amazon and its tributaries, tho Indians uso 
an arrow with a long twino and a float attached to it. Avd-Lalloraant (Die 
Dcnutzung dcr Palmcn am Amazon enztrom, p. 32) thus describes their mode of 
aiming: 44 As the arrow, if aimed directly at tho floating tortoise, would striko 
it at a small angle and glance from its flat and wot sheU, tho arohors have a 
peculiar method of shooting. They are ablo to calculate exactly their own 
muscular effort, the velocity of tho stream, tho distanoo and size of the tor¬ 
toise, and they shoot the arrow directly up into tho air, so that it falls almost 
vertically upon the shoU of tho tortoise, and sticks in it." Analogous oaloula- 
tions—if such physico-montal operations can properly be so called—are made 
in the uso of other missiles; for no projectile flies in a right line to its mark. 
But tho exact training of the eye lies at the bottom of them all, and marks¬ 
manship depends almost wholly upon the power of that organ, whose direc¬ 
tions the blind muscles implioitly foUow. Savages aocustomod only to the 
use of the bow become good shots with firearms after very little praotioe. 
It is perhaps not out of plaoe to observe here that our English word aim 
oomes from the Latin astimo, I calculate or estimate. See Wedgwood’s Dio* 
tionary of English Etymology , and the note to the American edition, under 
Aim, 

Another proof of the oontrol of the limbs by the eye hoe been observed 1& 
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poBe to take of it, is yet in that imperfectly developed state 
which allows its votaries to occupy themselves with broad and 
general views attainable by every person of culture, and it does 
not now require a knowledge of special details which only years 
of application can master. It may be profitably pursued by 
all; and every traveller, every lover of rural scenery, every agri¬ 
culturist, who will wisely use the gift of sight, may add valuable 
contributions to the common stock of knowledge on a subject 
which, as I hope to convince my readers, though long neglected, 
aud now inartificially presented, is not only a very important 
but a very interesting field of inquiry. 

Measurement of Marts Influence. 

The exact measurement of the geographical and climatic 
changes hitherto effected by man is impracticable, and wo pos¬ 
sess, in relation to them, the means of only qualitative, not 
quantitative analysis. The fact of such revolutions is established 

deaf-and-dumb schools, and othors where pupils are first taught to write on 
large slates or blackboards. The writing is in large characters, the smaU 
letters being an inch or more high. They aro formed with chalk or a slate 
pencil firmly grasped In the fingers, and by appropriate motions of the wrist, 
elbow, and shoulder, not of the finger joints. Nevertheless, when a pen is 
put into the hand of a pupil thus taught, his handwriting, though produced 
by a totally different set of musdos and muscular movements, is identical in 
character with that which he has practised on the blackboard. 

For a very remarkable aooount of the restoration of vision impaired from 
age, by judicious training, see Lessons in Ltfs, by Timothy Tatcomb, les¬ 
son xi. 

It has been much doubted whether the artists of the olossio ages possessed 
a more perfect sight than those of modem times, or whether, in executing 
their minute mosaios and gem engravings, they used magnifiers. Glasses 
ground convex have been found at Pompeii, but they are too rudely fashioned 
and too imperfectly polished to have been of any practical use for optical pur¬ 
poses. But though the anoieut artists may have hod a microscopic vision, 
their astronomers cannot have had a telesoopio power of sight; for they did 
not disoover the satellites of Jupiter, which are often seen with the naked eye 
at Oormeeah, In Persia, and sometimes, as I oan testify by personal observa¬ 
tion, at Oairo. 
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partly by historical evidence, partly by analogical deduction from 
effects produced, in our own time, by operations similar in char¬ 
acter to those which must have taken placo in more or le68 
remote ages of human action. Both sources of information 
are aliko defcctivo in precision; the latter, for gcnoral reasons 
too obvious to require specification; the former, because the 
facts to which it bears testimony occurred before the habit or 
the means of rigorously scientific observation upon any branch 
of physical research, and especially upon climatio changes, 
existed. 

Uncertainty of our Historical Conclusions on Ancient 
Climates . 

The invention of measures of heat and of atmospheric mois- 
turo, pressure, and precipitation, is extremely recent. Hence, 
ancient physicists have left us no thcrmometric or barometric 
records, no tables of the fall, evaporation, and How of wators, 
and oven no accurate maps of coast lines and the course of rivers. 
Their notices of these phenomena are almost wholly confined to 
excessivo and exceptional instances of high or of low tempera¬ 
tures, extraordinary falls of rain and snow, and unusual floods 
or droughts. Our knowledge of the meteorological condition 
of tho earth, at any period more than two centuries before our 
own time, is derived from these imperfect details, from tho 
vague statements of ancient historians and geographers in re¬ 
gard to tho volume of rivers and the relative extent of forest 
and cultivated land, from the indications f umished by tho history 
of tho agriculture and rural economy of past generations, and 
from other almost purely casual sources of information.* 

* The subject o t climatio change, with and without roforenoe to human 
notion as a cause, has been much discussed by Moreau do Jonncs, Durcau do la 
Mallo, Arago, Humboldt, Fuster, Gasparin, Beoquerol, Schlcideu, and many 
other writers in Europe, and by Noah Webster, Forty, Drake, and others In 
America. Frans has endeavored to show, by the history of vegetation in 
Greeoo, not moroly that clearing and cultivation have affected olimate, but 
that change of olimate has essentially modified the obaraotor of vegetable life 
See his KUma und Fflaimnwdt in dsr Z&L 
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Among these latter we must rank certain newly laid open 
fields of investigation, from which facts bearing on the point 
now under consideration have been gathered. I allude to the 
discovery of artificial objects in geological formations older than 
any hitherto recognized as exhibiting traces of the existence 
of man; to the ancient lacustrine habitations of Switzerland 
and of the terremarc of Italy,* containing the implements of 
the occupants, remains of their food, and other relics of human 
life; to the curious revelations of the Kjokkenmdddingor, or 
heaps of kitchen refuse, in Denmark and elsewhere, and of the 
peat mosses in the same and other northern countries; to the 
dwellings and other evidences of the industry of man in remote 
ages sometimes laid bare by the movement of sand dunes on the 
coasts of France and of the North Sea; and to the facts disclosed 
on the tide-washed flats of the latter shores by excavations in 
Halligs or inhabited mounds which were probably raised before 
the era of the Roman Empire, f These remains are memorials 
of races which have loft no written records, which perished at a 
period beyond the reach of oven historical tradition. Tho plants 
and animals that furnished tho relics found in the deposits were 
certainly contemporaneous with man; for they are associated 
with his works, and have evidently served his uses. In some 
cases, the animals belonged to species well ascertained to be 
now altogether extinct; in some others, both tho animals and 
tho vegetables, though extant elsewhcro, have ceased to inhabit 
the regions where their remains are discovered. From the char¬ 
acter of tho artificial objects, as compared with others belong¬ 
ing to known dates, or at least to known periods of civiliza¬ 
tion, ingenious inferences have been drawn as to thoir age; 
and from the vegetable remains which accompany them, as to 
the climates of Central and Northern Europe at the time of their 
production. 

• Bee two learned article* by Pigorini, in the Jfuova Antdogia for January 
and October, 1870. 

f For a vary picturesque description of the Halligs, see Plxnt, N. K, Book 
svL, & 1. 
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There are, however, sources of error which have not always 
been sufficiently guarded against in making these estimates. 
When a boat, composed of several pieces of wood fastened 
together by pins of the same material, is dug out of a bog, it is 
inferred that the vessel, and the skeletons and implements 
found with it, belong to an age when the use of iron was not 
known to the builders. But this conclusion is not warranted 
by the simple fact that metals were not employed in its con¬ 
struction; for the Nubians at tin’s day build boats largo enough 
to carry half a dozen persons across tho Nile, out of small 
pieces of acacia wood pinned together entirely with wooden 
bolts, and largo vessels of similar construction are used by tho 
islanders of tho Malay archipelago. Nor is tho occurrence of 
flint arrow heads and knives, in conjunction with other evidences 
of human life, conclusive proof as to tho antiquity of the latter. 
Lyell informs us that some Oriental tribes still continuo to use 
tho same 6tono implements as their ancestors, “after that 
mighty empires, where tho uso of metals in tho arts was well 
known, had flourished for three thousand years in their neigh¬ 
borhood; ” * and tho North American Indians now manufacture 
weapons of stone, and even of glass, chipping them in tl.c lattor 
case out of tho bottoms of thick bottles, with great facility.f 

Wo may also bo misled by our ignoranco of tho commercial 
relations existing between savago tribos. Extremely rndo 

• Antiquity of Man, p. 377. 

f “ One of tho Indiana seated himself near me, and raado from a fragment 
of quartz, with a simple piece of round bono, one ond of which waa hemi¬ 
spherical, with a small crease in it (as if worn by a thread) tho sixteenth of an 
inch deep, an arrow head which waa very sharp and piercing, and suoh as thoy 
use on all thoir arrows. The skill and rapidity with which it was made, with 
out a blow, but by simply breaking tho sharp edges with the croosod bono by 
the strength of his hands—for tho creaso merely served to provont the instru¬ 
ment from slipping, affording no loverago—was remarkable/*— Report* of Ex* 
plorations and Surveys for Pacifio Railroad \ vol. ii., 1855, Lieut. Beckwith’s 
Report , p. 43. See also American Naturalist for May, 1870, and espooially 
Stevens, Flint Chips, London, 1870, pp. 77 st soq. 

Marietta Bey lately saw on Egyptian barber shave the head of an Arab with 
a flint razor. 
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nations, in spite of their jealousies and their perpetual ware, 
sometimes contrive to exchange the products of provinces very 
widely separated from each other. The mounds of Ohio con¬ 
tain pearls, thought to bo marine, which must have come from 
the Gulf of Mexico, or perhaps even from California, and the 
knives and pipes found in the same graves aro often formed of 
far-fetched material, that was naturally paid for by some home 
product exported to the locality whence the material was 
derived. The art of preserving fish, flesh, and fowl by drying 
and smoking is widely diffused, and of great antiquity. The 
Indians of Long Island Sound are said to have carried on a 
trade in dried shell fish with tribes residing very far inland. 
From the earliest ages, the inhabitants of the Faroe and Orkney 
Islands, and of the opposite mainland coasts, have smoked wild 
fowl and other flesh. Hence it is possible that the animal and 
the vegetable food, the remains of which aro found in the 
ancient deposits I am speaking of, may sometimes have been 
brought from climates remote from that where it was consumed. 

The most important, as well as tho most trustworthy con¬ 
clusions with respect to tho climate of ancient Europo and 
Asia, are those drawn from the accounts given by the classical 
writers of the growth of cultivated plants; but these are by no 
means free from uncertainty, because we can seldom bo sure 
of an identity of species, almost never of an idontity of race or 
variety, between vegetables known to the agriculturists of 
Greece and Rome and those of modem times which are thought 
most nearly to resemble them. Besides this, there is always 
room for doubt whether the habits of plants long grown in 
different countries may not have been so changed by domestica¬ 
tion or by natural selection, that the conditions of temperature 
and humidity which they required twenty centuries ago were 
different from those at present demanded for their advan¬ 
tageous cultivation.** 

• Probably no cultivated vegetable affords so good an opportunity of study¬ 
ing the laws of aoclimation of plants as maise or Indian oom. Moiseis grown 
from tho tropios to at least lal 47* in Northeastern Axnexioa, and farther 
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Even if we suppose an identity of 6pcoies, of race, and of 
habit to be established between a given ancient and modem 
plant, the negative fact that tho latter will not grow now where 
it flourished two thousand years ago does not in all cases prove 
a change of climate. Tho same result might follow from the 
exhaustion of the soil,* or from a change in tho quantity of 
moisture it habitually contains. After a district of country has 

north in Europe. Every two or three degrees of latitude brings you to a new 
variety, with new olimatio adaptations, and tho capacity of the plant to 
accommodate Itself to new conditions of temperature and season seems almost 
unlimited. 

Many porsons now living remember that, when the common tomato was 
first introduced into Northern Now England, it often failod to ripon; but, in 
the course of a very few years, it completely adapted itself to the olimato, 
and now not only matures both its fruit and its seeds with as maoh certainty 
as any cultivated vcgotablo, but regularly propagates itself by solf-sown seed. 
Meteorological observations, howovor, do not Bhow any amelioration of tho 
summer climato in thoso States within that period. 

It may be said that these cases—and indeed aU cases of a supposed acclima¬ 
tion consisting in physiological changes—are instances of tho origination of 
now variotics by natural selection, tbo hardier maizo, tomato, and other 
vegetables of the North, being tho progeny of seeds of individuals oudowed, 
exceptionally, with greuter power of resisting cold than belongs in general to 
tho spocics which produced them. But, so far as tho ovldenco of ohango of 
climate, from a difference in vegetable growth, is concerned, it is immaterial 
whether wo adopt this view or maintain tho oldor and more familiar doctrine 
of a local modification of charaotor in tho plants in question. 

Maize and tho tomato, if not new to human uso, havo not boon long known 
to civilization, and were, very probably, roclaimcd and domesticated at a 
much moro recent poriod than the plants which form the great staples of 
agricultural husbandry in Europo and Asia. Is the groat power of accommoda¬ 
tion to olimato possessed by them duo to this circumstance ? Thoro is some 
reason to supposo that tho character of maize has been sensibly changed by 
cultivation in South Amorica ; for, according to Tschudl, tho ears of this grain 
found in old Peruvian tombs belong to varieties not now known in Peru.— 
Travels in Peru , chap. vii. See important observations in SciiCbeler, Did 
PJlaiuenwcU Narwcgcns (AUgemeiner Theil), Christiania, 1873, 77 and follow¬ 
ing pp. 

* Tho cultivation of madder is said to have been introduood into Europo 
by on Oriental in the year 1705, and it was first planted in tho neighborhood 
of Avignon. Of course, it has been grown in that distriot for less than a 
oentury ;.but upon soils where it has been a frequent exop, it is already losing 
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been completely or even partially cleared of its forest growth, 
and brought under cultivation, the drying of the soil, under 
favorable circumstances, goes on for generations, perhaps for 
ages.* In other cases, from injudicious husbandry, or the diver- 


xnuoh of its coloring properties— Lavergne, Economic Rural6 de la France , 

pp. 200*201. 

I believe there is no doubt that the cultivation of madder in the vicinity of 
Avignon is of recent introduction; but it is certain that it was grown by the 
ancient Romans, and throughout nearly oU Europe in the middle ages. The 
madder brought from Persia to France, may belong to a different species, or at 
least variety. 

• In many parts of Now England there are tracts, many square miles in ex¬ 
tent and presenting all varieties of surface and exposure, which wore partially 
oleared sixty or soventy years ago, and where little or no change in the pro¬ 
portion of cultivated ground, pasturage, and woodland has taken place since. 
In some oases, these tracts compose basins apparently scarcely at all exposed 
to any local influence in the way of percolation or infiltration of water towards 
or from neighboring valleys. But in such situations, apart from accidental 
disturbances, tho ground is growing drier and drier from year to year, springs 
are stUl disappearing, and rivulets still diminishing in their summer supply of 
water. A probable explanation of this is to be found in the rapid drainage 
of the surface of cleared ground, which prevents the subterranean natural 
rcsorvoirs, whothor cavities or merely strata of bibulous earth, from filling up. 
How long this process is to last before on equilibrium is reached, none can 
say. It may bo, for years; it may bo. for centuries. 

Livingstone states facts which strongly favor the supposition that a secular 
desiccation is still going on in central Africa, and thero is reason to suspoct 
that a liko ohango is taking place in California. When the regions where the 
earth is growing drier were oleared of wood, or, indeed, whether forests ever 
grew there, we are unable to say, but the change appears to have been long in 
progress. A similar revolution appears to have occurred in Arabia Fetrroa. In 
many of the wadis, and particularly in the gorges between Wadi Fciran and 
Wadi Esh Sheikh, there are water-worn banks showing that, at no very remote 
period, the winter floods mast have risen fifty feet in channels where the 
growth of aoaoias and tamarisks and the testimony of the Arabs ooncur to 
prove that they have not risen six feet within the memory or tradition of thA 
present inhabitants. Reoent travellers have discovered traces of extensive 
ancient cultivation, and of the former existenoe of large towns in the Tih 
desert, in looalities where all agriculture is now impossible for want of water. 
Is this drought due to the destruction of anoient forests or to some other 
oausef 

For important observations on supposed changes of dimate in our Western 
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sion or choking up of natural water-courses, it nay become 
more highly charged with humidity. An increase or diminu¬ 
tion of the moisture of a soil almost necessarily supposes an 
elevation or a depression of its winter or its summer heat, and 
of its extreme if not of its mean annual temperature, though 
such elevation or depression may bo so slight os not sensibly to 
raise or lower the mercury in a thermometer exposed to tlio 
open air. Any of these causes, more or less humidity, or more 
or less warmth of soil, would affect the growth both of wild 
and of cultivated vegetation, and consequently, without any 
appreciable change in atmospheric temperature, precipitation, 
or evaporation, plants of a particular species might ccaso to bo 
advantageously cultivated where they had once boon easily 
reared.* 


prairie region, from cultivation of the soil and tho introduction of domestio 
cattle, seo Dhyant’s valuable Forcnt Tree*, 1S71, chapter v., and Hayden, 
Pn lit ulna ry I!c]>ort on Surrey of Wyoming, p. 455. 

Some phyHicifita believe that tho watoni of our earth aro, from ohomical or 
othor loss known causes, diminishing by entoring into now inorganic combine, 
tious, aud that this element will finally disappear from tho globo. 

* Tho soil of newly subdued countries is gouera’ly highly favorable to the 
growth of the fruits of tho garden and tho orchard, but usually bocomos 
much less so in a very few yean. Plums, of many varieties, wore formorly 
grown, in great perfection and abundance, in many parts of Now England 
where at present they can scarcdy bo reared at all; and the peaoh, which, a 
generation or two ago, succeeded admirably in tho southern portion of tho 
same States, has almost ceased to l>o cultivated thoro. Tho disappoaranoo of 
theso fruits is partly due to the ravages of insects, which have in later years 
attacked thorn; but this is evidently by no means tho solo, or ovon tho prin¬ 
cipal causo of their docay. In these cases, it is not to the oxbaustion of tho 
particular aorcs on which tho fruit trocs have grown that wo aro to asoribe 
their degeneracy, but to a general change in the condition of tbo soil or the 
air; for it is equally impossible to rear them successfully on absolutely new 
land in the neighborhood of grounds where, not long sinco, they boro the 
fiuest fruit 

I remember being told, many years ago, by intelligent early settlers of tho 
State of Ohio, that tho apple trees raised there from seed sown soon after tho 
land was doored, bore fruit in less than half tho time roquirod to bring to 
bearing those reared from seed sown when the ground had been twenty years 
under cultivation. 
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Uncertainty of Modern Meteorology . 

We are very imperfectly acquainted with the present mean 
and extreme temperature, or the precipitation and the evapora¬ 
tion of any extensive region, even in countries most densely 
peopled and best supplied with instruments and observers. 
The progress of science is constantly detecting errors of method 
in older observations, and many laboriously constructed tables 
of meteorological phenomena are now thrown aside as falla¬ 
cious, and therefore worse than useless, because some condition 
necessary to secure accuracy of result was neglected, in obtain¬ 
ing and recording the data on which they wero founded. 

To take a familiar instance: it is but recently that attention 
has been drawn to the great influence of slight differences in 
station upon the results of observations of temperature and 
precipitation. Two thermometers hung but a few hundred 
yards from each other differ not infrequently five, sometimes 
even ten degrees in their readings ;* and when we are told 


Analogous changes occur slowly and almost imperceptibly even in sponta¬ 
neous vegetation. In the peat mosses of Denmark, Scotch firs and other trees 
not now growing in the same localities, are found in abundance. Every gen¬ 
eration of trees loaves the soil in a different state from that in which it found 
it; every tree that springs up in a group of trees of another species than its 
own, grows under different influences of light and shade and atmosphero from 
its predecessors. Hence the succession of crops, which occurs in all natural 
forests, seems to be due rather to ohanges of condition than of climate. See 
chaptor iii, pat. 

• Tyndall, in a lecture on Radiation, expresses the opinion that from ten to 
fifteen per cent, of the heat radiated from tho earth is absorbed by aqueous 
vapor within ten feet of the earth’s surface.— Fragment% of Science 3d edi¬ 
tion, London, 1871, p. 208. 

Thermometers at most meteorological stations, when not suspended at 
points regulated by tbe mere personal convenience of the observer, are hung 
from 20 to 40 feet above the ground. In such positions they are less exposed 
to disturbance from the action of surrounding bodies than at a lower level, 
and their indications are consequently more uniform; but according to Tyn¬ 
dall’s views they do not mark the temperature of the atmospherio stratum in 
which nearly all the vegetables useful to man, exoept forest trees, bnd and 
blossom and ripen, and in whioh a vast majority of the ordinary operations of 
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that tlio annual fall of rain on the roof of tho observatory at 
Parw is two inches less than on the ground by tho side of it, 
wo may see that the height of the rain-gauge above tho earth 
is a point of much consequence in making estimates from its 
measurements.* Tho data from which results have boon de¬ 
duced with respect to the hygrometrical and thermometrical 
conditions, to the climate in short, of different countries, have 
very often been derived from observations at singlo points in 
cities or districts separated by considerable distances- The 
tendency of errors and accidents to balanco each othor author¬ 
izes us, indeed, to entertain greater confidence than wo could 
otherwise feel in tho conclusions drawn from such tablos; but 
it is in the highest degree probable that they would bo much 
modified by more numerous scries of observations, at different 
stations within narrow limits.f 

material life are performed. The/ give tho rise and faU of the moroury at 
heights arbitrarily taken, without reference to the relations of tomporature to 
human interests, or to any other scientific consideration than a somowhat less 
liability to accidental disturbance. 

* Careful observations by tho late lamented Dallas Baohe appeared to show 
that there is no such difference in tho quantity of procipitntion falling at 
slightly different levels as has boon generally supposed. Tho apparent differ¬ 
ence was ascribed by Prof. Bacho to tho irregular distribution of tho drops of 
rain and flakes of snow, exposed, as they are, to local disturbances by the cur¬ 
rents of air around tho comers of buildings or other accidents of tho surface. 
This consideration much increases tho importance of great caro in the selec¬ 
tion of positions for rain-gauges. 

But Mr. Boche’s conclusions seem not to bo accoptcd by Into experimenters 
in England. See Quarterly Journal of Science for January, 1871, p. 123. 

f Tho nomenclature of meteorology is vague and somotimee equivocal 
Not long sinco, it was suspected that tho observers reporting to a scientific 
institution did not agree in their understanding of tho xnodo of expressing the 
direction of the wind prescribed by their instructions. It was found, upon 
inquiry, that very many of thorn used the names of the compass-points to 
indicate the quarter from which the wind blew, while others employed them 
to signify the quarter totoanU which the atmospherio currents were moving. 
In some instances, the observers were no longer within tho reach of inquiry, 
and of coarse their tablos of the wind were of no value. 

“WindV cay* Mrs. Somerville, •' 1 are namod from the points whenoe they 
blow, currents exactly the reverse. An easterly wind oomes from the oast; 
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There is ono branch of research which is of the utmost im¬ 
portance in reference to these questions, but which, from the 
great difficulty of direct observation upon it, has been less suc¬ 
cessfully studied than almost any other problem of physical 
science. I refer to the proportions between precipitation, 
superficial drainage, absorption, and evaporation. Precise ac¬ 
tual measurement of these quantities upon even a 6 inglo acre of 
ground is impossible ; and in all cabinet experiments on the sub¬ 
ject, the conditions of the surface observed are 60 different from 
those which occur in nature, that we cannot safely reason from 
one case to the other. In nature, the inclination and exposure 
of the ground, the degree of freedom or obstruction of the flow 
of water over the surface, the composition and density of the 
6 oil, the presence or absence of perforations by worms and small 
burrowing quadrupeds—upon which tho permeability of the 
ground by water and its power of absorbing and retaining or 
transmitting moisture depend—its temperature, the dryness or 


whereas on easterly current comes from the west, and flows towards tho east.” 
—Physical Geography , p. 220. 

Thore is no philological ground for this distinction, and it probably originated 
In a confusion of the terminations -icardly and - erly , both of which ore mod* 
•m. The root of the former ending implies the direction to or to-wardh which 
motion is supposed. It corresponds to, and is probably allied with, tho Latin 
tersvs. Tho termination -crly is a corruption or softening of -truly, easterly 
for eabtcmly, aud many authors of the seventeenth century so writo it. In 
Hakluyt (i., p. 2), easterly is applied to place, “ easterly bounds,” and means 
eastern. In a passage in Drayton, “easterly winds” must mean winds from 
the east; but tho samo author, in spo&king of nations, uses northerly for 
northern . Iiakowell says: “ The sonne cannot goo more aouthcrncly from vs, 
nor como more northerndy towards vs.” Holland, in his translation of Pliny, 
referring to tho moon, has: “When shoe is northerly” and “sbee is gone 
southerly.” Richardson, to whom I am indebted for the above citations, 
quotes a passage from Dampier where westerly is applied to the wind, but the 
context doos not determine the direction. Tho only example of the termina¬ 
tion n -icanUy given by this lexicographer is from Donne, where it moans 
towards the west. 

Sbokspoaro, in Hamlet (v., 11.), uses northerly wind for wind from tho north. 
Milton does not employ either of these terminations, nor were they known to 
the Anglo-Saxons, who, however, had adjectives of direction in- an or -*/*, 
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saturation of the subsoil, vary at comparatively short distances; 
and though the precipitation upon very small geographical 
basins and the superficial how from them may bo estimated 
with an approach to precision, yet even here wo have no present 
mfcana of knowing how much of the water ab&orbed by the 
earth is restored to the atmosphere by evaporation, and how 
much carried off by infiltration or other modes of underground 
discharge. When, therefore, wo attempt to use the phenomena 
observed on a few square or cubic yards of earth, as a basis of 
reasoning upon the meteorology of a province, it is evident that 
our data must be insuflicient to warrant positive general con¬ 
clusions. In discussing the climatology of whole countries, or 
even of comparatively small local divisions, wo may safely say 
that none can tell what percentage of the water they receive 
from the atmosphere is evaporated; what absorbed by the ground 
and conveyed off by subterranean conduits; what carried down 
to the sea by superficial channels; what drawn from the earth 
or the air by a given extent of forest, of short pasture vegeta- 


-cm and - rrcard , the last always meaning tho point toward* which motion is 
supposed, the others that from which it proceeds. 

The vocabulary of science has no specific namo for one of tho most impor¬ 
tant phenomena in meteorology—I mean for watery vapor comlen&cd and 
rendered visible by cold. The Latins expressed tills condition of water by the 
word vajwr. For inruiible vapor they had no name, bocauso they did not 
know that it existed, and Von Hclmont was obliged to invent a word, ga* y 
as a generic namo for watery and other fluids in tho invisible state. 
The modems have perverted tho meaning of tho word vapor, aud in 
science its use is confined to exprers water in the gaflcous and invisible 
state. When vapor is rendered visible by coudi nsation, wo coll it fog or mist— 
between which two words there is no clearly established distinction—if it is 
lying on or near tho surface of tho earch or of water; when it floats in the 
air wo call it cloud. But these words express tho form and position of the 
humid aggregation, not the condition of the water-globulos which compose it 

The breath from our mouths, tho steam from an engine, thrown out into 
cold air, beoomo visible, and consist of water iu tho sumo stato as in fog or 
cloud; but we do not apply those terms to thoso phenomena It would be 
an improvement in meteorological nomenclature to rcstoro vapor to its original 
meaning, and to employ a new word, such for cxamplo as hgdroga* % to ex* 
p--ess the new scientific idea of water in the invuiblo state. 
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tion, or of tall meadow-grass; what given out again by surfaces 
so covered, or by bare ground of various textures and compo¬ 
sition, under different conditions of atmospheric temperature, 
pressure, and humidity; or what is the amount of evaporation 
from water, ice, or snow, under the varying exposures to which, 
in actual nature, they are constantly subjected. If, then, wo 
are so ignorant of all these climatic phenomena in the best- 
known regions inhabited by man, it is evident that we can rely 
little upon theoretical deductions applied to the former more 
natural state of the same regions—less still to such as are adopt¬ 
ed with respect to distant, strange, and primitive countries. 

Stability of Nature. 

Nature, left undisturbed, so fashions her territory as to give 
it almost unchanging permanence of form, outline, and propor¬ 
tion, except when shattered by geologic convulsions; and in 
these comparatively rare cases of derangement, she sets hersolf 
at once to repair the superficial damage, and to restore, as nearly 
as practicable, the former aspect of her dominion. In new 
countries, the natural inclination of the ground, tho self-formed 
slopes and levels, are generally such as best secure tho stability 
of the soil. They have been graded and lowered or elovated 
by frost and chemical forces and gravitation and the flow of 
water and vegetable deposit and the action of the winds, until, 
by a general compensation of conflicting forces, a condition of 
equilibrium has been reached which, without tho action of man, 
would remain, with little fluctuation, for countless ages. 

We need not go far back to reach a period when, in all that 
portion of tho North American continent which has been occu¬ 
pied by British colonization, the geographical elements very 
nearly balanced and compensated each other. At the commence¬ 
ment of the seventeenth century, tho soil, with insignificant ex¬ 
ceptions, was covered with forests; # and whenever the Indian, 

• I do not hers speak of the vest prairie region of the Mississippi Talley, 
which oannot properly be said ever to have been a field of British colonisation; 
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in consequence of war or the exhaustion of the beasts of the 
chase, abandoned the narrow fields he had planted and the woods 
he had burned over, they speedily returned, by a succession of 
herbaceous, arborescent, and arboreal growths, to their original 
state. Even a single generation suiliccd to restore them almost 
to their primitive luxuriance of forest vegetation.* The un¬ 
broken forests had attained to their maximum donsity and 
strength of growth, and, as the older trees decayed and fell, 
they wore succeeded by now shoots or seedlings, 60 that from 
century to century no perceptible change 6oems to have occurred 
in the wood, except the slow, spontaneous succession of crops. 
This succession involved no interruption of growth, and but 
little break in the “ boundless contiguity of 6hade; ” for, in the 
husbandry of nature, there aro no fallows. Trees fall singly, 
not by square roods, and the tall pine is hardly prostrate, before 
the light and heat, admitted to the ground by tho removal of 
the dense crown of foliage which had shut them out, stimulate 
the germination of tho seeds of broad-leaved trees that had 
lain, waiting this kindly influence, perhaps for conturies. 


Formation of Bogs. 

Two natural causes, destructive in character, wore, indcod, 
in operation in tho primitive American forests, though, in 
tho Northern colonics, at least, there were sufficient com¬ 
pensations; for wo do not discover that any considerable 


but of tho original colonics, and their dcpcndoncici in the territory of tho pres¬ 
ent United States, and in Canada. It is, however, f/qually true of tho Western 
prairies as of the Eastern forest land, that they ha<! arrived at a state of equi¬ 
librium, though under very different conditions. 

* The great fire of Miraraichi in 1825, probably the most extensive and 
torrido conflagration recorded in authentic history, spread its ravages over 
nearly six thousand squaro miles, chiefly of woodland, and was of suoh in¬ 
tensity that it seemed to oonsume tho vexy soU itself. But so groat are the 
recuperative powers of nature, that, in twenty-five yean, the ground wm 
thickly oovored again with trees of fair dimensions, except where cultivation 
and pasturage kept down the forest growth. 
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permanent change was produced by them. X refer to the 
action of beavers and of fallen trees in producing bogs,* 


* Tho English nomenclature of this geographical foaturo does not seem woU 
settlod. We hare bog, nenmp, marsh, morass , moor, fen, turf-moss, peat-moss, 
quagmire, all of which, though sometimos more or loss accurately discriminated, 
are often used interchangeably, or are perhaps employed, each exclusively, in 
a particular district In Sweden, whore, especially in the Lappish provinoes, 
this terr-aquoous formation is very extensive and important, the names of its 
different kinds are more specific in their application. The gonoral designa¬ 
tion of all soils permanently pervaded with wator is Kdrr. The older Looeta- 
dius divides tho Kdrr into two gonera: Myror (sing, myi'a), and Mossar (sing. 
tnosse). 14 The former,” he observes, 44 aro grass-grown, and overflowed with 
water through almost the whole summer; the latter are covciod with mosses 
and always moist, but vory seldom overflowed.” IIo enumoratos tho following 
species of Myra, the character of which will porliaps be sufficiently under¬ 
stood by the Latin terms into which he translates the vomacular names, for 
the benefit of strangers not altogether familiar with the language and the 
subjoct: 1. lldmyror, paludes graminoace. 2. l>y, poludes profunda). 8. 
FUtrkmyror , or proper hilrr, paludes limoBO). 4. FjdUmyror, paludes uligi- 
nosro. ft. Tufmyror, paludes cncspitosm. 0. His myror, paludes virgata). 
7. Starrdngar, prata irrigata, with their subdivisions, dry starvdngar or ri- 
sihiyui , wet starrdngar and frdkengropar, 8. Polar, lacunm. 0. Oular, to g- 
sa) inundatco. The Mossar, paludes turfosaa, which are of great extent, have 
but two ppcoics: 1. Torfmossar, oallod also Mossmyror and Snottermyror , 
and. 2. Pjornmossar. 

The accumulations of stagnant or stagnating water originating in bogs are 
distinguished into Trdsk, stogna, and TJernar or Tjdrnar (sing. Tjcrn or 
Tjdrn), stagnatiles. Trdsk are pools fed by bogs, or water emanating from 
thorn, and their bottoms ore slimy; Tjernar ore small Trdsk situated within 
tho limits of Mossar. —L. L. Labtadiub, am MOjligheten of JJppodlingar i 
Lappmarken, pp. 23, 24. 

Although the quantity of bog land in New England is less than in many 
other regions of equal area, yet there is a considerable extent of this forma¬ 
tion in some of the Northeastern States. Dana ( Manual of Qcology, p. 014) 
states that the quantity of peat in Massachusetts is estimated at 120,000,000 
cords, or nearly 600,000,000 cubio yards, but he does not give cither the area 
or the depth of the deposits. In any event, however, bogs cover but a small 
percentage of the territory in any of the Northern States, while it is said that 
one tenth of the whole surface of Ireland Is composed of bogs, and there are 
•till extensive tracts of undrained marsh in England. The amount of this for¬ 
mation in Great Britain is estimated at 6,000,000 sores, with an average depth 
of twelve feet, which would yield 21,000,000 tons of air-dried peat.—A sbjoEN- 
SEN, Tort og Torvdrtft, Christiania, 1808, p. 6, 
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and of smaller animals, insects, and birds, in destroying tho 
woods.* 

Bogs generally originate in tho checking of watercourses by 
the falling of timber or of earth and rocks, or by artificial ob¬ 
structions across thoir channels. If the impediment is sufficient 
to retain a permanent accumulation of water behind it, the 
trees whoso roots are overflowed soon perish, and thon by thoir 
fall increase tho obstruction, and, of course, occasion a still 
wider spread of tho stagnating stream. This process goos on 
until tho water finds a new outlot, at a higher level, not liable 


Poat bods have sometimes a thicknoBs of ton or twclvo yards, or eron moro. 
A depth of ton yards wo\ild givo 48,000 cublo yards to tho aero. Tho greatest 
quantity of firewood yielded by tho forostH of New England to tho ncro is 100 
oords solid measure, or 474 cubic yards; but this comprises only tho trunks 
and larger branches. If wo add the small bronchos and twigs, it is possiblo 
that COO cubic yards might, in somo cases, bo cut on an aero. This is only 
one eightieth part of tho quantity of peat sometimes found on tho samo area. 
It is true that a yard of peat and a yard of wood aro not tho equivalents of 
each other, hut tho fuel ou an ncro of deep peat is worth much moro than 
that on an aero of tho best woodland. Besides this, wood is porishablo, and 
the quantity on an aero cannot bo increased beyond tho amount just stated; 
poat is indestructible, and tho beds aro always growing. See po*t % Chap. IV. 
Cold favors the conversion of aquatio vegetables into peat. Asbjdrnson says 
somo of tho best peat ho has mot with is from a bog which is frozou for forty 
weeks In tho year. 

Tho Greeks and Romans were not acquainted with the employment of poat 
as fuel, but it appears from a curious pa«*ago which I havo already cited from 
Pliny, N. 7/., book xvi., chap. 1, that the inhabitants of tho North Sea coast 
used what is called kneaded turf in his time. This is tho finer and more 
thoroughly docomxiosed matter lying at the bottom of the peat, kneaded 
by tho hands, formed into small blocks and dried. It is still propared In pre¬ 
cisely tho somo way by the poorer inhabitants of those shores. 

But though the Low Gorman tribes, including probably tbo Anglo-Saxons, 
have used peat ns fuel from timo immemorial, it appears not to havo boon 
known to the High Germans until a recent period. At least, I can find neither 
in Old nor in Middlo High German lexicons and glossaries any word signifying 
peat. Zurb indeed is found in Graff us an Old High Gorman word, but only 
in tho sense of grass-turf, or greensward. Peat bogs of vast extent occur In 
many High German localities, but the former abundance of wood in the flame 
regions rendered the use of peat unnecessary. 

• Seo Chapter II., post. 
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to similar interruption. The fallen trees not completely cov¬ 
ered by water are soon overgrown with mosses; aquatic and 
semiaquatio plants propagate themselves, and spread until they 
more or less completely fill up the space occupied by the water? 
and the surfaco is gradually converted from a pond to a 
quaking morass. The morass is slowly solidified by vegetable 
production and deposit, then very often restored to the forest 
condition by the growth of black ashes, cedars, or, in southern 
latitudes, cypresses, and other trees suited to such a soil, and 
thus the interrupted harmony of nature is at last reestab¬ 
lished.* 

In countries somewhat further advanced in civilization than 
those occupied by the North American Indians, as in mediaeval 
Ireland, the formation of bogs may be commenced by the neg¬ 
lect of man to remove, from the natural channels of superfi¬ 
cial drainage, the tops and branches of trees felled for the 
various purposes to which wood is applicable in his rude indus¬ 
try ; and, when the flow of the water is thus checked, nature 
goes on with the processes I have already described. In such 

* 44 Aquotio plants have a utility in raising the level of marshy grounds, 
which renders them very valuable, and may weU be called a geological func¬ 
tion. • • • • 

44 The engineer drains ponds at a groat expense by lowering the surface of 
the wator; nature attains the same end, gratuitously, by raising tbo level of 
the soil without depressing thr£ of the water; but she proceeds more slowly. 
There are, in the Landes, marshes where this natural filling has a thiokness of 
four metres, and some of them, at first lower than the sea, have been thus 
raised and drained so os to grow summer orops, such, for example, as maize.'* 
—Boitel, Mite m talcur da Terra pauvres, p. 227. 

The bogs of Denmark—the examination of whioh by Steenstrup and Vaupell 
has presented suoh curious rosults with respect to the natural succession of 
forest trees—appear to have gone through this gradual process of drying, and 
the birch, whioh grows freely in very wet soils, has contributed very effectu¬ 
ally by its annual deposits to raise the surface above the water level, and thus 
to prepare the ground for the oak.— Vautkll, Bdgens Indtandnng , pp. SO, 40. 

The growth of the peat not nnfrequently raises the surface of bogs consid¬ 
erably above the level of the surrounding oountxy, and they sometimes burst 
and overflow lower grounds with a torrent of mud and water as destructive as 
a current of lava. 
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half-civilized regions, too, windfalls are moro frequent than in 
those where the forest is unbroken, because, when openings have 
been made in it for agricultural or other purposes, the entranco 
thus afforded to the wind occasions the sudden overthrow of 
hundreds of trees which might otherwise have stood for gene¬ 
rations and have fallen to the ground, only ono by one, as natu¬ 
ral decay brought them down.* Besides this, tho flocks bred 
by man in the pastoral state keep down tho incipient growth of 
trees on the half-dried bogs, and prevent them from recovering 
their primitive condition. 

Young trees in tho native forest aro sometimes girdled and 
killed by the smaller rodent quadrupeds, and their growth is 
cheeked by birds which feed on tho terminal bud; but these 
animals, as wo shall sec, aro generally found on tho skirts of 
the wood only, not in its deeper recesses, and licnco tho mis¬ 
chief they do is not extensive. 

In fine, in countries untrodden by man, tho proportions and 
relative positions of land and water, tho atmospheric precipita¬ 
tion and evaporation, tho thennomctric mean, and tho distribu¬ 
tion of vegetable and animal life, aro maintained by natural 
compensations, in a state of approximate equilibrium, and aro 
subject to appreciable change only from geological influences 
so slow in their oj)eration that tho geographical conditions may 
bo regarded as substantially constant and immutable. 

Natural Conditions favorable to Geographical Change. 

There are, nevertheless, certain climatic conditions and cer¬ 
tain forms and formations of terrestrial surface, which tend 
respectively to impede and to facilitate the physical degrada- 

* Careful examination of the peat mossos in North Sjaelland—which are to 
abundant in fousil wood that, within thirty years, they havo yielded above a 
million of trees—shows that the trees have generally fallen from age and not 
from wind. They are found in depressions on tho declivities of which they 
grew, and they lie with the top lowest, always falling towards the bottom 
of the valley.—' Vaupell, Bogent Indoandring i dt Dantkt Skove t pp. 10,14. 
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tion both of new countries and of old. If the precipitation, 
whether great or small in amount, bo equally distributed 
through the seasons, so that there are neither torrential rains 
nor parching droughts, and if, further, the general inclination 
of ground be moderate, so that the superficial waters are car¬ 
ried off without destructive rapidity of flow, and without sud¬ 
den accumulation in the channels of natural drainage, there is 
littlo danger of tlio degradation of the soil in conscquonco of 
the removal of forest or other vegetable covering, and the natu¬ 
ral face of the earth may be considered as virtually perma¬ 
nent. These conditions are well exemplified in Ireland, in a 
great part of England, in extensive districts in Germany and 
France, and, fortunately, in an immense proportion of the 
valley of the Mississippi and the basin of the great American 
lakes, as well as in many parts of tho continents of South 
America and of Africa, and it is partly, though by no means 
entirely, owing to topographical and climatic causes that the 
blight, which has smitten tho fairest and most fertile provinces 
of Imperial Home, has spared llritannia, Germania, Pannonin, 
and Ma'sia, tho comparatively inhospitable homes of barbarous 
races, who, in the days of the Ciesnrs, were too little advanced 
in civilized life to possess either the power or tho will to wage 
that war against the order of nature which seems, hitherto, an 
almost inseparable condition precedent of high social culture, 
and of great progress in fine and mechanical art. 

Destructive changes are most frequent in countries of irregu¬ 
lar and mountainous surface, and in climates where the pre¬ 
cipitation is confined chiefly to a single season, and where, of 
course, the year is divided into a wet and a dry period, as is the 
case throughout a great part of the Ottoman empire, and, in¬ 
deed, in a largo proportion of the whole Mediterranean basin. 

In mountainous countries various causes combine to expose 
the 6oil to constant dangers. The rain and snow usually fall in 
greater quantity, and with much inequality of distribution; the 
snow on the summits accumulates for many months in succes¬ 
sion, and then is not unfrequently almost wholly dissolvod in a 
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single thaw, 60 that the entire precipitation of months is in a 
few hours hurried down the flanks of the mountains, and through 
the ravines that furrow them; the natural inclination of the 
surface promotes tho swiftness of the gathering currents of 
diluvial rain and of melting snow, which soon acquire an almost 
irresistible force and power of removal and transportation; tho 
soil itself is less compact and tenacious than that of tho plains, 
and if tho sheltering forest has been destroyed, it is conlincd by 
few of the threads and ligaments by which naturo had bound 
it together, and attached it to tho rocky groundwork. Ilenco 
every considerable shower lays bare its roods of rock, and tho 
torrents sent down by tho thaws of spring, and by occasional 
heavy discharges of tho summer and autumnal rains, are seas 
of mud and rolling stones that sometimes lay wasto and bury 
beneath them acres, and even miles, of pasture and field and 
vineyard.* 


Destructiveness of Man. 

Man has too long forgotten that tho earth was given to him 
for usufruct alone, not for consumption, still less for profligate 
waste. Nature has provided against tho absoluto destruction 
of any of her elementary matter, tho raw material of her works; 
the thunderbolt and tho tornado, tho most convulsive throes of 
even tho volcano and the earthquake, being only phenomena of 
decomposition and recomposition. But sho has left it within 

* The character of geological formation id an cloment of very great import- 
ance in determining tho amount of oroaion produced by running water, and, 
of course, in measuring the consequences of clearing off tho forests. The soil 
of the French Alps yields very readily to the force of currents, and the decliv¬ 
ities of the northern Apennines, as well as of many minor mountain ridges 
in Tuscany and other parts of Italy, are covered with earth which becomes 
itself almost a fluid when saturated with water. Hence the erosion of such 
surfaces is vastly greater than on many other mountains of equal stcepnoss of 
inclination. The traveller who passes over the route between Bologna and 
Florence, and the Perugia and the Siona roads from the latter city to Borne, 
will have many opportunities of observing suoh localities. 
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the power of man irreparably to derange the combinations 
of inorganic matter and of organic life, which through the 
night of aeons she had been proportioning and balancing, to 
preparo the earth for his habitation, when in the fulness of time 
his Creator should call him forth to enter into its possession. 

Apart from the hostile influence of man, the organic and the 
inorganic world are, as I have remarked, bound together by 
such mutual relations And adaptations as socuro, if not the abso¬ 
lute permanence and equilibrium of both, a long continuance 
of tho established conditions of each at any given time and 
placo, or at least, a very Blow and gradual succession of changes 
in those conditions. But man is everywhere a disturbing 
agent. Wherever he plants his foot, the harmonies of nature 
are turned to discords. The proportions and accommodations 
which insured the stability of existing arrangements are over¬ 
thrown. Indigenous vegetable and animal species are extir¬ 
pated, and supplanted by others of foreign origin, spontaneous 
production is forbidden or restricted, and the face of the earth 
is either laid bare or covered with a now and reluctant growth 
of vegetable forms, and with alien tribes of animal life. These 
intentional changes and substitutions constitute, indeed, great 
revolutions; but vast as is their magnitude and importance, they 
are, as we shall see, insignificant in comparison with tho con¬ 
tingent and unsought results which have flowed from them. 

The fact that, of all organic beings, man alone is to be re¬ 
garded as essentially a destructive power, and that he wields 
energies to resist which Nature—that nature whom all material 
life and all inorganic substance obey-—is wholly impotent, tends 
to prove that, though living in physical nature, he is not of her, 
that he is of more exalted parentage, and belongs to a higher 
order of existences, than those which are bom of her womb and 
live in blind submission to her dictates. 

There are, indeed, brute destroyers, beasts and birds and in¬ 
sects of prey—all animal life feeds upon, and, of course, destroys 
other life,—but this destruction is balanced by compensations. 
It is, in fact, the very means by which the existence of one 
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tribe of animals or of vegetables is secured against being smoth¬ 
ered by the encroachments of another; and the reproductive 
powers of species, which servo as the food of others, are always 
proportioned to the demand they are destined to supply. Man 
pursues his victims with reckless destructiveness; and, while the 
sacrifice of life by the lower animals is limited by the cravings 
of appetite, ho unsparingly persecutes, even to extirpation, 
thousands of organic forms which he cannot consume.* 

* The terrible destructiveness of man is remarkably exemplified in the chase 
of largo mammalia and birds for single products, attended with the ontiro 
waste of enormous quantities of flesh, and of othor parts of the animal 
which aro oapablo of valuablo uses. The wild oattlo of South America are 
slaughtered by millions for their hidos and boms; tho buffalo of North 
America for his skin or his tonguo ; the elephant, tho walrus, and the nar¬ 
whal for their tusks; the cetacea, and some other marine animals, for their 
whalebone and oil; the ostrich and other large birds, for their plumage. 
Within a few years, sheep havo been killed in Now England, by wholo flocks, 
for their polts and suet alone, tho flesh boing thrown away; and it is oven said 
that tho bodios of tho same quadrupeds havo boon usod in Australia as fuol for 
limekilns. What a vast amount of human nutriment, of bono, and of other 
animal products valuablo in tho aits, is thus rockluusly squandered! In nearly 
aU theso cases, the part which constitutes tho motivo for this wholosalo de¬ 
struction, and is alone saved, is essentially of insignificant value as compared 
with what is thrown away. The horns and hido of an ox are not oconomioally 
worth a tenth part os much as the entire carcass. During tho presont year, 
large quantities of Indian com have been used as domestic fuol, and even for 
burning limo, in Iowa and other Western States. Com at from fifteen to 
eighteen cents per bushel is found cheaper than wood at from five to seven 
dollars por oord, or coal at six or seven dollars por ton.—7 fyp. Agrio. Dept,, 
Nov. and Doo., 1872, p. 487. 

One of the groatest benefits to be expeotod from tho improvements of civi¬ 
lization is, that increased facilities of communication will rondor it possible to 
transport to places of consumption much valuable material that U now wasted 
booause the prioo at tho nearest markot will not pay freight. Tho oattlo 
slaughtered in South Amerioa for thoir hidos would feed millions of the starv¬ 
ing population of the Old World, if thoir flosh oould be coonomioally preserved 
and transported across the ocean* This, indoed, is already done, but on a 
scale whioh, though absolutely considerable, is relatively insignificant South 
Amerioa sends to Europe a certain quantity of nutriment in the form of moat 
extracts, Liebig’s and others; and preserved flesh from Australia is beginning 
to figure in tho English market. 

We are beginning to learn a better eoonomy in dealing with the inorganie 
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Tho earth was not, in its natural condition, completely 
adapted to the use of man, but only to the sustenance of wild 
animals and wild vegetation. These live, multiply their kind 
in just jnoportion, and attain their perfect measure of strength 
and beauty, without producing or requiring any important 
change in the natural arrangements of surface, or in each other’s 
spontaneous tendencies, except such mutual repression of 
excessive increase as may prevent the extirpation of one species 
by the encroachments of another. In short, without man, lower 
animal and spontaneous vegetable life would have been prac¬ 
tically constant in typo, distribution, and proportion, and the 
physical geography of the earth would have remainod undis¬ 
turbed for indefinite periods, aud been subject to revolution 


world. The utilization—or, an the Germans more happily call it, the Verwor* 
thung, the bc\eorthing —of waste from metallurgical, chemical, and manufac¬ 
turing establishments, is among the most important results of tho application 
of scionoe to industrial purposes. Tho incidental products from tho laborato¬ 
ries of manufacturing cbomists often bccomo raoro valuable than tlioso for the 
preparation of which they were erected. The slags from silver refineries, and 
even from smelting housos of the coarser metals, have not unfrcquently 
yielded to a socond o^rator a hotter return than tho first had derived from 
doaling with tho natural ore ; and tho saving of load carried of? in the smoke 
of furnaces has, of itself, givou a largo profit on tho oapital invented in tho 
works. Aocording to Uro'a Dictionary of Art*, see vol. ii., p. 8C2, an Eng¬ 
lish miner has construotod flues flvo miles in lougth for ihe condensation 
of the smoko from his lead-works, and makes thereby an annual saving of 
metal to tho value of ten thousand pounds sterling. A fow years ago, an 
officer of an American mint was chargod with embozzling gold committed to 
him for coinage. He insisted, in his defence, that much of tho metnl was 
volatilised and lost in refining and melting, and upon scraping the chimneys 
of tho melting furnaces and the roofs of the adjacent housos, gold enough 
was found In the soot to aooount for no small part of the defioiency. 

The substitution of expensive machinery for manual labor, even in agricul¬ 
ture—not to speak of older and more familiar applications—besides being 
highly remunerative, bos bettor scoured tho harvests, and it Is computed that 
the 280,000 threshing machines used in the United States in 1870 obtained five 
per oenb. more groin from the sheaves which passed through them than oould 
have been secured by the use of the flail. 

The ootton growing States in Amerioa produce annually nearly three million 
tone of ootton seed. This, until very recently, has been thrown away as a 
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only from slow development, from possible, unknown cosmical 
causes, or from geological action. 

But man, the domestic animals that serve him, the field and 
garden plants the products of which supply him with food and 
clothing, cannot subsist and rise to the full development of 
their higher properties, unless bruto and unconscious nature bo 
effectually combated, and, in a great degree, vanquished by 
human art. Hence, a certain measure of transformation of 
terrestrial surface, of suppression of natural, and stimulation of 
artificially modified productivity becomes necessary. This 
measure man has unfortunately exceeded. IIo has felled tho 
forests whoso network of fibrous roots bound tho mould to tho 
rocky skeleton of tho earth; but had he allowed hero and there 
a belt of woodland to reproduce itself by spontaneous propaga¬ 
tion, most of tho mischiefs which his reckless destruction of the 
natural protection of the soil has occasioned would have been 

useless incumbrance, but it is now vulucd at ton or twelve dollars per ton for 
tho cotton fibro which adheres to it, for tho oil extracted from it, and for tho 
feed which tho refuso furnishes to cattle. The oil—which may bo described 
as neutral—is used very largely for mixing with other oils, many of which 
boar a Jaige proportion of it without injury to their special properties. 

Tbcro are still, however, cases of enormous wasto in many mineral and me* 
ehanicul industries. Thus, whilo in many European countries common salt is 
a government monopoly, and consequently so doar that the poor do not uso iui 
much of it as health requires, in others, as iu Transylvania, whero it is quar¬ 
ried like stone, tho large blocks only are saved, tbe fragments, to the amount 
of millions of bundled weights, being thrown away.*— Bonaii, Transylvania f 
p. 455,0. 

Ono of tlie most interesting and important branches of ccouomyat the 
present day is tho recovery of agents such as ammonia and cthors which had 
been utilized in chemical manufactures, and re-employing them indoAnitely 
afterwards in repeating tho same process. 

Among tho supplemental exhibitions which will bo formod in oonneotiou 
with the Vienna Universal Exhibition is to bo ono showing what steps have 
been taken sinoe 1851 (the date of tho Arst London Exhibition) in tho utiliza¬ 
tion of substances previously regarded as wasto. On tho ono hand will be 
shown tho wa 3 te products in all the industrial processes included in the forth¬ 
coming Exhibition; on the other hand, tho useful products whioh have boon 
obtained from suoh wastoi since 1851. This is intonded to serve oe an incen¬ 
tive to further researches in tho same important diroction. 
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averted. He has broken up tho mountain reservoirs, the perco¬ 
lation of whose waters through unseen channels supplied the 
fountains that refreshed his cattle and fertilized his fields; but 
he has neglected to maintain tho cisterns and the canals of 
irrigation which a wise antiquity had constructed to neutralize 
the consequences of its own imprudence. While ho has tom 
the thin glebe which confined the light earth of extensive plains, 
and has destroyed the fringe of 6emi*aquatic plants which 
skirted the coast and checked the drifting of tho sea sand, ho 
has failed to prevent the spreading of the dunes by clothing 
thorn with artificially propagated vegetation. IIo has ruthlessly 
waned on all the tribes of animated nature whoso spoil ho 
could convert to his own uses, and he has not protected the 
birds which prey on the insects most destructive to his own 
harvests. 

Purely untutored humanity, it is truo, interferes compara¬ 
tively little with tho arrangements of nature,* and the destruc- 

* It is an interesting end not hitherto sufficiently noticed foot, that the 
domestication of tho organic world, so far as it has yet bcon achicvod, be¬ 
longs, not indeed to the savage state, but to the earliest dawn of civilization, 
the conquest of inorganio nature almost as exclusively to the most advanced 
stages of artificial culture. Civilisation has added little to the number of vege¬ 
table or animal speoies grown in our fields or bred in our folds—the cranberry 
and the wild grape being almost the only plants which tho Anglo-American has 
reclaimed out of our vast native flora and added to his harvests—while, on the 
contrary, the subjugation of the inorganio forces, and the consequent extension 
of man's sway ovor, not the annual products of the earth only, but her sub¬ 
stance and her springs of notion, is almost entirely the work of highly refined 
and cultivated ages. The employment of the elasticity of wood and of horn, as 
a projectile power in the bow, is nearly universal among the rudest savages. 
The appUoation of oompressed air to the same purposo, in the blowpipe, it 
more restricted, and the use of the meobanioal powers, the inclined plane, the 
wheel and axle, and even the wedge and lever, seems almost unknown exoept 
to oiviiisod man. I have myself seen European peasants to whom one of tho 
simplest applications of this latter power was a revelation. 

It is familiarly known to all who have occupied themselves with the psy¬ 
chology and habits of the ruder races, and of poraons with imperfectly 
developed intellects in civilised life, that although these humble tribes and 
individuals saorifioe, without scruple, the Uvea of the lower animals to tho 
g rat ifica t ion of their appetites and the supply of their other physios! wants, 
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tive agency of man becomes more and more energetic and 
unsparing as he advances in civilization, until the impoverish¬ 
ment, with which his exhaustion of the natural resources of the 
soil is threatening him, at last awakens him to the necessity of 
preserving what is left, if not of restoring what has been 
wantonly wasted. The wandering savage grows no cultivated 


yet they nevertheless seem to cherish with brutes, and even with vegetable 
life, sympathies whioh are muoh more ftobly folt by oivilisod men. The 
popular traditions of the simpler peoples recognize a oertain community of 
nature botweon man, brute animals, and oven plants; and this sorves to 
explain why the apologue or fable, whioh ascribes the power of spoooh and 
the faculty of reason to birds, quadrupeds, inseots, flowers, and troos, is one 
of the earliest forms of literary composition. 

In almost evory wild tribe, some particular quadruped or bird, though 
persecuted as a destroyer of othor animals raoro useful to man, or hunted for 
food, is regarded with peculiar respect, one might almost say, affection. Borne 
of tho North Ainoricau aboriginal nations celebrate a propitiatory feast to the 
manes of the intended victim before they commence a bear hunt; and the 
Norwegian peasantry have not only retained an old proverb which ascribes to 
tho same animal “ ti Mauds Styrke og tUo Mauds Vid ,** ten mon’s strength 
and twolve men's cuuniug, but they still pay to him something of the rovor* 
enco with whioh ancient superstition invested him. The student of Icelandio 
literature will find in the saga of Fiunbogi hi tin rami a curious illustration of 
this feeling, in an account of a dialogue between a Norwegian bear and an 
Icelandic champion--dumb show on tbo part of Bruin, and ohivalrio words on 
that of Finubogi—followed by a duel, in which tho latter, who had thrown 
away bis arms and armor in order that tho combatants might moot on equal 
terms, was victorious. See also Flu is, Lappisk Mythology , Christiania, 1871, 
g 87, and tho earlier authors thora oitod. Drummond May’s vory interesting 
work on Morocco contains many amusing notices of a similar fooling enter* 
tainod by tbo Moors towards tbo rodoubtablo enemy of their flocks—tho lion. 

This sympathy helps us to understand how it is that most if not all tho 
domestio animals—if indeed they ever existed in a wild state-were appro¬ 
priated, reclaimed and trained before mon had boon gathered into organised 
and fixed communities, that almost every known oseulont plant had acquired 
substantially its present artificial character, and that the properties of nearly 
all vegetable drugs and poisons wero known at the romotest period to which 
historical records reach. Did nature bestow upon primitive man some instinct 
akin to that by whioh she has been supposed to teach the brute to select the 
nutritious and to reject the noxious vegetables indiscriminately mixed In 
forest and pasture ? 

This instinct, it must be admitted, is for from Infallible, end, ee has been 




40 


DESTRUCTIVENESS OF KAN. 


vegetable, fells no forest, and extirpates no useful plant, no 
noxious weed. If his skill in the chase enables him to entrap 
numbers of the animals on which he feeds, ho compensates this 
loss by destroying also the lion, the tiger, the wolf, the otter, the 
6 cal, and the eagle, thus indirectly protecting the feebler 
quadrupeds and fish and fowls, which would otherwise become 


hundred* of time* remarked by naturalists, it is in many cases not an original 
faculty but au acquired and transmitted habit. It is a fact familiar to persons 
engaged in sheep husbandry in Now England—and I have seen it confirmed by 
personal observation—that sheep bred where the common laurel, as it is called, 
Knlmia angustifdia , abounds, almost always avoid browsing upon the leaves 
of that plant* while those brought from districts where laurel is unknown, 
and turned into pastures where it grows, very ofton food upon it and aro 
poisonod by it. A curious acquired and hereditary instinct, of a different 
character, may not improperly bo noticed horo. I refer to that by which 
horses bred in provinces where quicksands aro common avoid their dangers or 
extricato themselves from them. Soo Biu'montiur, Memoir sur le * Dunes, 
Ann ah* dr* routs ft Chavwe*, 183JJ: premier semestre , pp. 155-157. 

It is commonly said in Now England, and I believe with reason, that the 
crows of this generation aro wiser than their ancestors. Scarecrows which 
were effectual fifty years ngo aro no longer respected by the plunderers of the 
cornfield, and new terrors must from time to time be invented for its protec¬ 
tion. 

Schroeder van der Kolk, in lid Verschil tumhen den Pnychkchcn Aanleg 
van het Dier en van den Ucrutch, cites many interesting facts respecting 
instincts lost, or nowly devolopod and bocomo hereditary, in tho lower animals, 
and he quotes Aristotle and Pliny as evidenoo that the common quadrupeds 
and fowls of our fields and our poultry yards were much Ices perfectly domes¬ 
ticated in their times than long, long ages of servitude have now made them. 

Among other instances of obliterated instincts, this author states that in 
Holland, where, for centuries, the young of tho cow has been usually taken 
from the dam at birth and fed by hand, calves, even if left with the mother, 
make no attempt to suck; while in England, where calves are not weaned 
until several weeks old, they resort to the udder as naturally as the young of 
wild quadrupeds.— Zid m LigcJiaam , p. 128, 

Perhaps the half-wild character ascribed by P. Lccstadius and other 
Swedish writers to the reindoer of Lapland, may bo in some degreo due to the 
oomparutiro shortness of the period during which he has been partially tamed. 
The domestic swine bred in the woods of Hungary and the buffalo of Southern 
Italy are so wild and savage as to bo very dangerous to all but their keepers. 
The former have relapsed into their original condition, the latter, perhaps, have 
never been fully reolaimed from it. 
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tlie booty of beasts and birds of prey. But with stationary life, 
or at latest with tho pastoral state, man at onco commences an 
almost indiscriminate warfare upon all the forms of animal 
and vegetable existence around him, and as lie advances in 
civilization, he gradually eradicates or transforms every spon¬ 
taneous product of the Boil ho occupies.* 


Human and Brute Action Compared . 

It is maintained by authorities as high as any known to mod¬ 
ern science, that tho action of man upon nature, though greater 
in degree, docs not differ in kind from that of wild animals. 
It is perhaps impossible to establish a radical distinction in 
genere between tho two classes of effects, but there is an essential 
difference between tho motive of action which calls out tho en¬ 
ergies of civilized man and tho mere appetite which controls tho 
life of the bca6t. The action of man, indeed, is frequently fol¬ 
lowed by unforeseen and undesired results, yet it is nevertheless 
guided by a self-conscious will aiming as often at secondary and 
remote as at immediate objects. The wild animal, on tho other 
hand, acts instinctively, and, so far as we are able to perceive, 
always with a view to singlo and direct purposes. Tho back¬ 
woodsman and tho beaver alike fell trees ; the man that ho may 
convert tho forest into an olive grove that will maturo its fruit 
only for a succeeding generation, the beaver that ho may feed 
upon tho bark of tho trees or uso them in the construction of his 
habitation. Tho action of brutes upon the material world is 
slow and gradual, and usually limited, in any given case, to a 

* The difference botween tho relations of savage life, and of incipient 
civilization, to nature, is well scon in that part of tho valley of tho Missis¬ 
sippi which was once occupied by tho mound builders and afterwards by the 
far less developed Indian tribes. When the tillers of tho fields, which must 
have been cultivated to sustain the large population that onco inhabited those 
regions, perished, or were driven out, the soil foil back to the normal forest 
state, aud tho savages who succeeded the more advanced race interfered Tory 
little, if at all, with tho ordinary oourse of spontaneous nature. 
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narrow extent of territory. Nature is allowed time and oppor¬ 
tunity to set her restorative powers at work, and the destructive 
animal has hardly retired from the field of his ravages before 
nature has repaired the damages occasioned by his operations. 
In fact, he is expelled from the scene by the very efforts which 
she makes for the restoration of her dominion. Man, on the 
contrary, extends his action over vast spaces, his revolutions are 
swift and radical, And his devastations are, for an almost incal¬ 
culable time after he has withdrawn the arm that gave the blow, 
irreparable. 

The form of geographical surface, and very probably the 
climate of a given country, depend much on the character of 
the vegetable life belonging to it. Man has, by domestication, 
greatly changed the habits and properties of the plants he rears; 
he has, by voluntary selection, immensely modified the forms 
and qualities of the animated creatures that serve him; and ho 
has, at the same time, completely rooted out many forms of ani¬ 
mal if not of vegetable being.* What is there, in the influence 
of brute life, that corresponds to this ? We have no reason to 
believe that, in that portion of the American continent which, 
though peopled by many tribes of quadruped and fowl, re¬ 
mained uninhabited by man or only thinly occupied by purely 
savage tribes, any sensible geographical change had occurred 
within twenty centuries before the epoch of discovery and colo¬ 
nization, while, during the same period, man had changed mil- 


* Whatever may be thought of the modification of orgonio epeoies by natural 
selection, there la oertainly no evidenoe that animals have exerted upon any 
form of life an influence analogous to that of domestication upon plants, quad¬ 
rupeds, and birds reared artifioiaUy by man; and this is as true of unforeseen 
as of purposoly effeoted improvements oooomplished by voluntary selection of 
breeding animals. 

It is true that nature employs birds and quadrupeds for the dissemination 
of vegetable and even of animal epeoies. But when tho*bird drops the soed 
of a fruit it has swallowed, and when the sheep transports in its fleece the 
seed-vessel of a burdook from the plain to the mountain, its notion is purely 
meohauieal and unoonsdous, and does not differ from that of the wind in pro¬ 
ducing the some effect 
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lions of square miles, in the fairest and most fertile regions of 
the Old World, into the barrenest deserts. 

The ravages committed by man subvert the relations and de¬ 
stroy the balance which nature had established between her 
organized and her inorganic creations, and she avenges herself 
upon the intruder, by letting loose upon her defaced provinces 
destructive energies hitherto kept in check by organic forces 
destined to bo his best auxiliaries, but which lie has unwisely 
dispersed and driven from the field of action. When the forest 
is gone, the great reservoir of moisture stored up in its vegetable 
mould is evaporated, and returns only in deluges of rain to wash 
away the parched dust into which that mould has beon con¬ 
verted. The well-wooded and humid hills aro turned to ridges 
of dry rock, which encumbers the low grounds and chokes the 
watercourses with its debris, and—except in countries favored 
with an equable distribution of rain through tho seasons, and a 
moderate and regular inclination of surface—tho whole earth, 
unless rescued by human art from tho physical degradation to 
which it tends, becomes an assemblage of bald mountains, of 
barren, turfless hills, and of swampy and malarious plains. 
There aro parts of Asia Minor, of Northern Africa, of Greece, 
and even of Alpine Europe, where tho operation of causes set in 
action by man has brought tho face of the earth to a desolation 
almost as complete as that of the moon; and though, within 
that brief 6pacc of time which wo call u tho historical period,” 
they are known to have been covered with luxuriant woods, ver¬ 
dant pastures, and fertile meadows, they are now too far deterio¬ 
rated to bo reclaimablo by man, nor can they becomo again fitted 
for human use, oxccpt through great geological changes, or othor 
mysterious influences or agencies of which wo have no present 
knowledge, and over which wo havo no prospective control. 
The earth is fast becoming an unfit homo for its noblest inhab¬ 
itant, and auother era of equal human crime and human im¬ 
providence, and of like duration with that through which traces 
of that crime and that improvidence extend, would reduce it to 
such a condition of impoverished productiveness, of shattered 



u 


PHYSICAL IMPROVEMENT* 


surface, of climatic excess, as to threaten the depravation, bar* 
barism, and perhaps even extinction of the species.* 

Physical Improvement . 

True, there is a partial reverse to this picture. On narrow 
theatres, new forests have been planted ; inundations of flowing 
streams restrained by heavy walls of masonry and other con¬ 
structions ; torrents compelled to aid, by depositing the slimo 
with which they are charged, in filling up lowlands, and raising 
the level of morasses which their own overflows had created; 
ground submerged by tho encroachments of the ocean, or ex¬ 
posed to be covered by its tides, has been rescued from its do¬ 
minion by diking; swamps and even lakes havo been drained, 
and their beds brought within the domain of agricultural indus¬ 
try ; drifting coast dunes havo been checked and made produc¬ 
tive by plantation ; seas and inland waters have been ropcoplcd 
with fish, and even the sands of the Sahara have been fertilized 
by artesian fountains. These achievements are more glorious 
than the prurdost triumphs of war, but, thus far, they give but 
faint hope that we shall yet make full atonement for our spend¬ 
thrift waste of tho bounties of nature.f 

*-“And It maybe remarked that, as the world has passed through 

these eevoral stages of strife to produce a Christendom, so by relaxing in the 
enterprises it has learnt, does it tend downwards, through inverted steps, to 
wilducM and the waste again. Lot a people give up their eoutest with moral 
evil; disregard the injustice, the ignorance, the greediness, that may prevail 
among thorn, and part more and more with tho Christian element of their civ¬ 
ilisation; and in declining this battle with sin, they will inevitably got em¬ 
broiled with men. Throats of war and revolution punish thoir unfaithfulness; 
and if then, instead of retracing their stops, they yiold again, and are driven 
before the storm, the very arts they had oreated, the structures they had 
raised, the usages they had established, are swept away; 'in that very day 
their thoughts perish.' The portion they had reclaimed from tho young 
earth's raggedness is lost; and failing to stand fast against man, they finally 
get embroiled with nature, and are thrust down beneath her ever-living hand.'' 
—Mabtineau’s Sermon , “ The Good Soldier of Jetue Ohri$L n 

f Tho wonderful success which has attendod the measures for subduing 
torrents and preventing inundations employed in Southern France since 1605, 
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Limits of Human Power . 

It is, on the one hand, rash and unphilosophical to attempt to 
set limits to the ultimate power of man over inorganic nature, 
and it is unprofitable, on the other, to speculate on what may 
be accomplished by the discovery of now unknown and unima- 
gincd natural forces, or even by the invention of now arts and 
new processes. But since we have seen aerostation, the motive 
power of elastic vapors, the wonders of modern telegraphy, the 
destructive explosiveness of gunpowder, of nitro-glyeorino, and 
even of a substance so harmless, unresisting, and inort as cotton, 
there is little in the way of mechanical achievement which seems 
hopelessly impossible, and it is hard to restrain the imagination 
from wandering forward a couple of generations to an epoch 
when our descendants shall have advanced as far beyond us in 
physical conquest, as we liavo marched beyond the trophies 
erected by our grandfathers. There are, nevertheless, in actual 
practice, limits to the efficiency of tho forces which wo are now 
able to bring into the field, and we must admit that, for the 
present, the agencies known to man and controlled by him are 
inadequate to tho reducing of great Alpine prccijuccs to such 
slopes as would enable them to support a vegetable clothing, 
or to tho covering of large extents of donuded rock with earth, 
and planting upon them a forest growth. Yet among tho 
mysteries which science is horeaftor to reveal, thcro may bo still 
undiscovered methods of accomplishing even grander wonders 
than these. Mechanical philosophers have suggested tho pos¬ 
sibility of accumulating and treasuring up for human use some 
of the greater natural forces, which the action of the elements 
puts forth with such astonishing energy. Could wo gather, 
and bind, and make subservient to our control, tho power 
which a West Indian hurricane exerts through a small area in 

and described in Chapter III., post, ought to be here notiood os a splendid and 
moat encouraging example of well-directed effort in the way of phyaioai resto¬ 
ration. 
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one continuous blast, or the momentum expended by the waves, 
in a tempestuous winter, upon the breakwater at Cherbourg,* 
or the lifting power of the tide, for a month, at the head of the 
Bay of Fundy, or the pressure of a square mile of 6ea water at the 
depth of five thousand fathoms, or a moment of the might of 
an earthquake or a volcano, our age—which moves no moun¬ 
tains and casts them into the sea by faith alone—-might hope 
to scarp the nigged walls of the Alps and Pyrenees and Mount 
Taurus, robe them once more in a vegetation as rich as that of 
their pristine woods, and turn their wasting torrents into re- 
freshing streams.*)* 

Could this old world, which man has overthrown, be rebuild* 

* In heavy storms, the force of the waves as they strike against a sea-wall 
is from one und a half to two tons to the square foot, and Stevenson, in one 
instance at Skerryvore and in another at the Bell Book lighthouse, found this 
force equal to nearly three tons per foot. 

The seaward front of the breakwater at Cherbourg exposes a surface of 
about 2,500,000 square feet. In rough weather the waves beat against this 
whole face, though at the depth of twenty-two yards, which is the height of 
the breakwater, they exert a very much less violent motive force than at and 
near the surface of the sea, because this force diminishes in geometrical, as 
the distance below the surface increases in arithmetical, proportion. The 
shook of the waves is reooived several thousand times in the course of twenty- 
four hours, and hence the sum of impulso which the breakwater resists in ono 
stormy day amounts to many thousands of millions of tons. The breakwater 
is entirely an artificial construction. If then man could accumulate and con¬ 
trol the foroes whioh he is able eifootually to resist, he might be said to bo, 
physically speaking, omnipotent. 

f Some weU-known experiments show that it is quite possible to accumulate 
the solar heat by a simple apparatus, and thus to obtain a temperature whioh 
might be economically important even in the climate of Switzerland. Saus- 
sure, by receiving the sun’s rays in a nest of boxes blackened within and cov¬ 
ered with gloss, raised a thermometer enolosed in the inner box to the boiling 
point; and under the more powerful sun of the Cape of Good Hope, Sir John 
Hersohel cooked the materials for a family dinner by a similar prooess, using, 
however, but a single box, surrounded with dry sand and oovered with two 
glasses. Why should not so easy a method of economising fuel be resorted to 
in Italy, in Spain, and even in moro northerly climates? 

The unfortunate John Davidson reoords in his journal that he saved fuel in 
Moxoooo by exposing his teakettle to the sun on the roof of his house, where 
the water rose to the temperature of one hundred and forty degrees, and, of 
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ed, could human cunning rcscuo its wasted hillsides and its 
deserted plains from solitude or mere nomade occupation, from 
barrenness, from nakedness, and from insalubrity, and restore 
the ancient fertility and hcalthfulness of the Etruscan sea coast, 
the Campagna and the Pontine marshes, of Calabria, of Sicily, 
of the Peloponnesus and insular and continental Greece, of 
Asia Minor, of the slopes of Lebanon and Ilermon, of Pales¬ 
tine, of the Syrian desert, of Mesopotamia and the delta of tko 
Euphrates, of the Cyrenaica, of Africa proper, Numidia, and 
Mauritania, the thronging millions of Europe might still find 
room on the Eastern continent, and the main current of emi¬ 
gration be turned towards the rising instead of the setting sun. 

But changes like these must await not only great political 
and moral revolutions in the governments and peoples by whom 
those regions are now possessed, but, especially, a command of 
pecuniary and of mechanical means not at present enjoyed by 
those nations, and a moro advanced and generally diffused 
knowledge of the processes by which the amelioration of soil 
and climate is possible than now anywhere exists. Until such 
circumstances shall conspire to favor the work of geographical 
regeneration, the countries I havo mentioned, with boro and 
there a local exception, will continue to sink into yet dcoper 
desolation, and in the meantime the American continent, 
Southern Africa, Austialia, New Zealand, and the smaller 
oceanic islands, will be almost the only theatres whero man is 
engaged, on a great scale, in transforming tho face of nature. 


ooune, needed litfclo fire to bring it to boil But tills wo* the direct And sim¬ 
ple, not the concentrated or accumulated beat of tho sun. 

On the utilizing of the solar heat, simply as heat, too tho work of MoucnoT, 
La Ohalcur solairc et $cs application industricUa. Paris, 1800. 

Tho reoiprooal convertibility of tho natural forces has suggested the possi¬ 
bility of advantageously converting tho beat of tho sun into meohsnioal power. 
Ericsson calculates that in all latitudes between the equator and 40*, a hun¬ 
dred square feet of surfaoe exposed to the solar rays develop continuously, for 
nine hours a day on an average, eight And one fifth horse-power. 

I do not know that any attempts have been mode to aocmmulate and store 
ui>. for use at pleasure, force derived from this powerful source. 
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Importance of Physical Conservation and Restoration. 

Comparatively short os is the period through which the colo¬ 
nization of foreign lands by European emigrants extends, 
great and, it is to be feared, sometimes irreparable injury lias 
already been done in the various processes by which man seeks 
to subjugate the virgin earth; and many provinces, first trod¬ 
den by the homo sapiens Europos within the last two centuries, 
begin to show signs of that melancholy dilapidation which is 
now driving so many of the peasantry of Europe from their 
native hearths. It is evidently a matter of great moment, not 
only to tho population of the states where these symptoms are 
manifesting themselves, but to tho general interests of human¬ 
ity, that this decay should be arrested, and that tho future ope¬ 
rations of rural husbandry and of forest industry, in district:* 
yet remaining substantially in their native condition, should bo 
so conducted as to prevent the widespread mischiefs which have 
been elsewhere produced by thoughtless or wanton destruction 
of tho natural safeguards of tho soil. This can be done only 
by the diffusion of knowledge on this subject among the classes 
that, in earlier days, subdued and tilled ground in which they 
had no vested rights, but who, in our time, own their woods, 
their pastures, and their ploughlands as a perpetual possession 
for thorn and theirs, and have, therefore, a strong interest in the 
protection of their domain against deterioration. 

Physical Restoration. 

Many circumstances conspiro to invest with great present 
interest the questions: how far man can permanently modify 
and ameliorate those physical conditions of terrestrial surface 
and climate on which his material welfare depends; how far 
he can compensate, arrest, or retard the deterioration which 
many of his agricultural and industrial processes tend to pro¬ 
duce ; and how far he can restore fertilitv and salubrity to soils 
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which his follies or his crimes have made barren or pestilontial. 
Among these circumstances, the most prominent, perhaps, is 
the necessity of providing new homes for a European popula¬ 
tion which is increasing more rapidly than its means of subsist¬ 
ence, new physical comforts for classes of the peoplo that have 
now become too much enlightened and have imbibed too much 
culture to submit to a longer deprivation of a sharo in the 
material enjoyments which the privileged ranks have hitherto 
monopolized. 

To supply new hives for the omigrant swarms, there are, 
first, the vast unoccupied prairies and forests of America, of 
Australia, and of many other great oceanic islands, the sparsoly 
inhabited and still unexhausted soils of Southern and even 
Central Africa, and, finally, the impoverished and half-depopu¬ 
lated shores of the Mediterranean, and the interior of Asia 
Minor and the farther East. To furnish to those who shall 
remain after emigration shall have conveniently reduced the 
too dense population of many European states, thoso means of 
sensuous and of intellectual well-being which are styled “ arti¬ 
ficial wants ” when demanded by the humble and tho poor, but 
are admitted to bo “ necessaries ” when claimed by tho noble 
and tho rich, tho soil must bo stimulated to its highest powers 
of production, and man’s utmost ingenuity and energy must be 
tasked to renovate a naturo drained, by his improvidence, of 
fountains which a wise economy would have made plenteous 
and perennial sources of beauty, health, and wealth. 

In thoso yet virgin lands which tho progress of modem dis¬ 
covery in both hemispheres has brought and is still bringing to 
the knowledge and control of civilized man, not much improve¬ 
ment of great physical conditions is to be looked for. Tho 
proportion of forest is indeed to be considerably reduced, super¬ 
fluous waters to be drawn off, and routes of internal communica¬ 
tion to be constructed; but the primitive geographical and cli¬ 
matic features of these countries ought to be, as far as possible, 
retained. 

In reclaiming and reoccupying lands laid waste by human im- 
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providence or malice, and abandoned by man, or oc6upied only 
by a nomado or thinly scattered population, the task of the 
pioneer settler is of a very different character. lie is to become 
a co-workcr with nature in the reconstruction of the damaged 
fabric which the negligence ortho wantonness of former lodgers 
has rendered untenantable. lie must aid her in reclothing the 
mountain slopes with forests and vegetable mould, thereby re¬ 
storing the fountains which she provided to water them; in 
checking the devastating fury of torrents, and bringing back 
the surfaco drainage to its primitive narrow channels; and in 
drying deadly morasses by opening the natural sluices which 
have been choked up, and cutting new canals for drawing off 
their stagnant waters. Ho must thus, on the one hand, create 
new reservoirs, and, on the other, remove mischievous accumula¬ 
tions of moisture, thereby equalizing and regulating the sources 
of atmospheric humidity and of flowing water, both which are 
so essential to all vegetable growth, and, of course, to human 
and lower animal life. 

I have remarked that the effects of human action on the forms 
of tho earth’s Burface could not always be distinguished from 
those resulting from geological causes, and tliero is also much 
uncertainty in respect to the precise influence of tho clearing 
and cultivating of tho ground, and of other rural operations, upon 
climate. It is disputed whether eithor tho mean or the extremes 
of temperature, tho periods of the seasons, or tho amount or dis¬ 
tribution of precipitation and of evaporation, in any country 
whose annals are known, have undergone any change during 
the historical period. It is, indeed, as has been already obser¬ 
ved, impossible to doubt that many of the operations of the 
pioneer settlor tend to produce great modifications in atmos¬ 
pheric humidity, temperature, and electricity; but we are at 
present unable to determine how far one set of effects is neutral¬ 
ized by another, or compensated by unknown agencies. This 
question scientific research is inadequate to solve, for want of 
die necessary data; but well conducted observation, in regions 
now first brought under the occupation of man, combined with 
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such historical evidence as still exists, may be expected at no 
distant period to throw much light on this subject. 

Australia end New Zealand are, perhaps, the countries from 
which we have a right to expect the fullest elucidation of these 
difficult and disputable problems. Their colonization did not 
commence until the physical sciences had become matter of 
almost universal attention, and is, indeed, so recent that the 
memory of living men embraces the principal epochs of their 
history; the peculiarities of their fauna, their flora, and their 
geology are such as to have excited for them tho liveliest inter¬ 
est of the votaries of natural science; their mines have given 
their people tho necessary wealth for procuring tho means of 
instrumental observation, and tho leisure required for the pursuit 
of scientific research; and largo tracts of virgin forest and 
natural meadow are rapidly passing under tho control of civil¬ 
ized man. Here, then, exist greater facilities and stronger 
motives for tho carcful study of tho topics in question than havo 
ever been found combined in any other theatre of European 
colonization. 

In North America, tho change from the natural to tho arti¬ 
ficial condition of terrestrial surface began about tho period 
when tho most important instruments of meteorological obser¬ 
vation were invented. The first settlers in tho territory now 
constituting the United States and tho British American prov¬ 
inces had other things to do than to tabulate barometrical and 
thermometrical readings, but there remain somo interesting 
physical records from tho early days of the colonics,* and thore 


* The Travels of Dr. Dwight, president of Yolo Collogo, which embody the 
results of his personal observations, and of his inquiries among the early set¬ 
tlers, in bis vacation excursions in tho Northern States of tho American 
Union, though presenting fow instrumental measurements or tabulated re¬ 
sults, are of valuo for tho powors of obsorvatiou thoy exhibit, and for the 
sound common sense with whioh many natural phonomona, suoh for instonoe 
as the formation of the river meadows, called “ intervales,” in New England, 
are explained. Thoy prosent a true and interesting picture of physical condi¬ 
tions, many of whioh have long oeasod to exist in the theatre of his researches, 
and of whioh few other records are extant 
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is still an immense extent of North American soil where the 
industry and the folly of man have as yet produced little 
appreciable change. Here, too, with the present increased 
facilities for scientific observation, the future effects, direct and 
contingent, of man’s labors, can be measured, and such precau¬ 
tions taken in those rural processes which we call improve¬ 
ments, as to mitigate evils, perhaps, in some degree, insepara¬ 
ble from every attempt to control the action of natural laws. 

In order to arrive at safe conclusions, we must first obtain 
a more exact knowledge of the topography, and of the pres¬ 
ent superficial and climatic condition of countries where the 
natural surface is as yet more or less unbroken. This can 
only be accomplished by accurate surveys, and by a great mul¬ 
tiplication of the points of meteorological registry,* already so 
numerous; and as, moreover, considerable changes in the pro¬ 
portion of forest and of cultivated land, or of dry and wholly 
or partially submerged surface, will often take place within 
brief periods, it is highly desirable that the attention of 
observers, in whoso neighborhood tho clearing of the soil, or 
the drainage of lakes and swamps, or other great works of 
rural improvement, are going on or meditated, should bo espe¬ 
cially drawn not only to revolutions in atmospheric tempera- 


* The general law of temperature la that it decreases as we ascend. But, 
in hilly regions, the law is reversed in cold, still weather, the cold air descend* 
ing, by reason of ita greator gravity, into tho valloys. If there bo wind onough, 
however, to produoe a disturbance and intermixture of higher and lower 
Atmospherio strata, this exoeption to the general law does not take place. 
These facts have long been familiar to the common people of Switzerland and 
of New England, but their importance has not been sufficiently takon into 
acoonnt in the disonssion of meteorological observations. The desoent of tho 
oold air and the rise of the warm affect the relative temperatures of hills and 
valleys to a muoh greater extent than has been usually supposed. A gentle¬ 
man well known to me kept a thermomotrioal reoord for nearly half a century, 
in a New England oountry town, at an elevation of at least 1,500 feet above 
the tea. During these years his thermometer never feU lower than 26°— 
Fahrenheit, while at the shire town of the oounty, situated in a basin one 
thousand feet lower, and only ten miles distant, as weU as at other points in 
similar positions, the mercury froze several times in the same period. 
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ture and precipitation, but to the more easily ascertained and 
perhaps more important local changes produced by theso ope¬ 
rations in the temperature and the hygrometric state of the 
superficial strata of the earth, and in its spontaneous vegetable 
aud animal products. 

The rapid extension of railroads, which now everywhere 
keep pace with, and sometimes even precede, the occupation 
of new 6oil for agricultural purposes, furnishes great facilities 
for enlarging our knowledge of the topography of the territory 
they traverse, because their cuttings reveal the composition 
and general structure of surface, and the inclination and eleva¬ 
tion of their lines constitute known hypsometrical sections, 
which give numerous points of departure for the measure¬ 
ment of higher and lower stations, and of courso for deter¬ 
mining the relief and depression of surface, the slopo of the 
beds of watercourses, and many othor not less important ques¬ 
tions.* 


* Railroad surveys must be received with great caution whore any motive 
exists for Stoking them. Capitalists are shy of investments in roads with 
steep grades, and of courso it is important to make a fair show of facilities in 
obtaining funds for new routes. Joint-stock companies have no souls; their 
manugorH, iu general, no consciences. Cases can bo cited where engineers 
and directors of railroads, with long grades above one hundred feet to the 
mile, have regulurly sworn in their annual reports, for years in succession, 
that there were no grades uj»on their routes exceeding half that elevation. In 
fuel, every person conversant with the history of theso enterprises knows that 
in their public statements falsehood is the rule, truth the exception. 

What I am about to remark is not exactly relevant to my subjeot; but it is 
hard to “get the door" in the world's great debating society, aud when a 
speaker who has anything to say once finds access to the public ear, ho must 
make the most of his opportunity, without inquiring too nioely whether his 
observations are “in order." I shall harm no honest man by endeavoring, as 
I have often done elsewhere, to excito tho attention of thinking and oonsoien- 
tious men to the dangors which threaten the great moral and even political in¬ 
terests of Christendom, from tho unscrupulousness of tho private associations 
that now control the monetary affairs, and regulate tho transit of persons and 
property, in almost every civilized oountry. More than one American State 
is literally governed by unprincipled corporations, which not only defy the legis¬ 
lative power, but have, too often, oorrupted even the administration of jus- 
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The geological, hydrographical, and topographical surveys, 
which almost every general and even local government of the 
civilized world is carrying on, are making yet more important 
contributions to our stock of geographical and general physical 
knowledge, and, within a comparatively short space, there will 
be ail accumulation of well established constant and historical 
facts, from which wo can safely reason upon all the relations 
of action and reaction between man and oxtornal nature. 

liut we are, even now, breaking up tho floor and wain- 
scoting and doors and window frames of our dwelling, for fuel 
to warm our bodios and to seethe our pottage, and the world 
cannot afford to wait till tho slow and sure progress of exact 
science has taught it a better economy. Many practical lessons 
have been learned by the common observation of unschooled 

tlce, The tremendous power of those associations is due not moroly to 
pecuniary corruption, but partly to an old legal superstition—fostered by tho 
decision of the Suprome Court of the United States in tho famous Dartmouth 
College caso—in regard to tho sacred noss of corporate prerogatives. Thero is 
no good reason why privato rights dorived from God and tho very constitu¬ 
tion of society should bo less respected than privileges granted by legislatures. 
It should never bo forgotten that no prioUcgc can be a right, and legislative 
bodios ought never to make a grant to a corporation, without express reser¬ 
vation of what many sound jurists now hold to bo involved in tho very naturo 
of such grants, the power of revocation. Similar evils have bccomo almost 
equally rife in England, and on the Continent; and I beliovo the decay of 
oommorclal morality, and of tho sense of all higher obligations than those of 
a pecuniary nature, on both sides of the Atlantic, is to be ascribed moro to 
the influence of joint-stock banks and manufacturing and railway companies, 
to the workings, in short, of what is called the principle of “ assoctato ac¬ 
tion, M thru to any other one oause of demoralization. 

The apophthegm, “ the world is governed too much,” though unhappily too 
truly spoken of many oountrios—and perhaps, in some aspoots, true of all— 
has done much mischief whenever it has been too unconditionally accepted as 
a political axiom. Tho popular approhonsion of boing OYer-govcmod, and, I 
am afraid, more emphatically the fear of being over-taxed, has had much vo 
do with the general abandonment of certain governmental duties by the ntling 
powers of most modem states. It is theoretically the duty of government to 
provide all those public facilities of intercommunication and commerce, wuich 
are essential to the prosperity of civilized commonwealths, but which indi¬ 
vidual meant ore inadequate to furnish, and for the due administration of 
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men; and the teachings of simple experience, on topics where 
natural philosophy has scarcely yet spoken, are not to be 
despised. 

In these humble pages, which do not in the least aspire to 
rank among scientific expositions of the laws of nature, I shall 
attempt to give the most important practical conclusions sug¬ 
gested by the history of man’s efforts to replenish the earth and 
subduo it; and I shall aim to support thoso conclusions by such 
facts and illustrations only as address themselves to the under¬ 
standing of every intelligent reader, and as are to bo found 
recorded in works capable of profitable perusal, or at loast con¬ 
sultation, by persons who have not enjoyed a special scientific 
training. 


wliidi individual guarantiee arc insufficient. IIouco public roads, canals, rail¬ 
roads, po»tul communication*, tho circulating modium of exohango whether 
metallic or representative, armios, navies, being all matters in which the na¬ 
tion at large has a vastly deepor interest than any privato association oon have, 
ought legitimately to be constructed and providod only by that whioh is the 
visiblo personification and embodiment of tho nation, namely, its legislative 
head. No doubt tho organization and management of these institutions by 
government are liable, as are aU things human, to great abuses. The multi¬ 
plication of pubUo placeholders, which thoy imply, is a serious evil But the 
corruption thus engendered, foul as it is, docs not strike so doop as the rot¬ 
tenness of privato corporations; and official runk, position, and duty have, in 
practice, proved better securities for fidelity and pecuniary integrity in tho 
conduct of the interests in question, than the suretyships of privato oorporato 
agents, whose bondsmen so often fail or abscond before their principal is de- 
tooted. 

Many theoretical statesmen have thought that voluntary associations for 
strictly pcouniary and industrial purposes, ami for tho oonstruotlon and con¬ 
trol of publiq works, might furnish, in democratic countries, a compensation 
for tho small and doubtful advantages, and at the same tirao secure an ex¬ 
emption from the great and oortain evils, of aristocratic institutions. Tho 
examplo of the American States shows that privato corporations—whose rule 
of aotion is tho intorost of tho association, not tho oonscienoo of tho indi¬ 
vidual—though composed of ultra-democratio elements, may beoomo most 
dangerous enemies to rational liberty, to the moral interests of the common¬ 
wealth, to the parity of legislation and of Judicial action, and to tho soared- 
ness of privato righto. 




CHAPTER II. 


TRANSFER, MODIFICATION, AND EXTIRPATION OF VEGETABLE AND 
OF ANIMAL BFKOIES. 

Modem geography takes aooount of organio life—Geographical importance 
of plants—Origin of domestic vegetables—Transfer of vegetable life— 
Objects of modem commerce—Foreign plants, how introduced—'Vegetable 
power of accommodation—Agricultural products of the United States— 
Useful Amerioan plants grown in Europe—Extirpation of vegetables— 
Animal life as a geological aud geographical agency—Origin and transfer 
of domestio quadrupods—Extirpation of wild quadrupeds—Large marine 
animals relatively unimportant in geography—Introduction and breeding 
of fish—Destruction of fish—Geographical importance of birds—Introduc¬ 
tion of birds—Destruction of birds—Utility and destruction of reptiles— 
Utility of inscots and worms—Injury to the forest by insects—Introduc¬ 
tion of insects—Destruction of insects—Minute organisms. 

Modem Geography embraces Organic Life. 

It was a narrow view of geography which confined that 
science to delineation of terrestrial surface and outline, and to 
description of the relative position and magnitude of land and 
water. In its improved form it embraces not only the globe 
itself and the atmosphere which bathes it, but the liviug 
things which vegetate or move upou it, tho varied influences 
they exert upon each other, the reciprocal action and reaction 
between them and the earth they inhabit. Even if the eud of 
geographical studies wero only to obtain a knowledge of the 
external forms of the mineral and fluid masses which constitute 
the globe, it would still be necessary to take into account tho 
element of life; for every plant, every animal, is a geographical 
agency, man a destructive, vegetables, aud in some cases even 
wild beasts, restorative powers. 
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The rushing waters sweep down earth from the uplands; in 
the first moment of repose, vegetation seeks to reestablish itself 
on the bared surface, and, by the slow deposit of its decaying 
products, to raise again the soil which the torrent had lowered. 
So important an element of reconstruction is this, that it has 
been seriously questioned whether, upon the whole, vegetation 
does not contribute as much to elevate, as the waters to depress, 
the level of the surface. 

Whenever man has transported a plant from its nativo 
habitat to a new 6 oil, he has introduced a now geographical 
force to act upon it, and this generally at the expenso of somo 
indigenous growth which tho foreign vegetable has supplanted. 
The new and the old plants aro rarely tho equivalents of each 
other, and the substitution of an exotic for a native tree, shrub, 
or grass, increases or diminishes the relative importance of the 
vegetable element in tho geography of the country to which it 
is removed. Further, man 60ws that ho may reap. Tho pro¬ 
ducts of agricultural industry aro not suffored to rot upon tho 
ground, and thus raise it by an annual stratum of new mould. 
They aro gathered, transported to greater or less distances, and 
after they have served their uses in human economy, they 
enter, on the final decomposition of their elements, into new 
combinations, and aro only in small proportion roturned to the 
soil on which they grew. Tho roots of tho grasses, and of 
many other cultivated plants, however, usually remain and 
decay in tho earth, and contribute to raise its surface, though 
certainly not iu the 6 ame degreo os tho forest 

Tho smaller vegetables which have taken tho place of trees 
unquestionably perform many of tho 6 amo functions. They 
radiate heat, they absorb gases, and exhale uncombincd gases 
and watery vapor, and consequently act iqxm tho chemical con¬ 
stitution and hvgromctrical condition of tho air, their roots pene¬ 
trate the earth to greater dcptlis than is commonly supposod, and 
form an inextricable labyrinth of filaments which bind tho soil 
together and prevent its erosion by water. The broad-leaved 
aunuals and perennials, too, shade tho ground, and prevent the 
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evaporation of moisture from its surface by wind and sun.* 
At a certain stage of growth, grass land is probably a more 
energetic evaporator and refrigerator than even the forest, but 
this powerful action is exerted, in its full intensity, for a com¬ 
paratively short time only, while trees continue such functions, 
with unabated vigor, for many months in succession. Upon 
the whole, it seems quite certain, that no cultivated ground is 
as efficient in tempering climatic extremes, or in conservation 
of geographical surface and outline, as is the soil which nature 
herself has planted. 

Origin of Domestic Plants . 

One of the most important questions connected with our sub¬ 
ject is: how far we are to regard our cereal grains, our esculent 
bulbs and roots, and the multiplied tree fruits of our gardens, 
as artificially modified and improved forms of wild, self-propa¬ 
gating vegetation. The narratives of botanical travellers have 
often announced the discovery of the original form and habitat 

• It is impossible to say how far the abstraction of water from the earth 
by broad-leaved field and garden plants—such as maize, the gourd family, the 
cabbage, &o.—is compensated by the condensation of dew, which sometimes 
pours from them in a stream, by the exhalation of aqueous vapor from their 
leaves, which is directly absorbed by the ground, and by the shelter they 
afford tho soil from sun and wind, thus preventing evaporation. American 
farmers often say that after the loavos of Indian com are large enough to 
14 shade the ground,” there is little danger that the plants wiU suffer from 
drought; but it is probable that the comparative security of tho fields from 
this evil is in part due to the foot that, at this period of growth, the roots 
penetrate down to a permanently humid stratum of soil, and draw from it the 
moisturo they require. Stirring the ground between the rows of maize with 
a light harrow or oultivntor, in very dry seasons, is often recommended as a 
preventive of injury by drought. It would seem, indeed, that loosening and 
taming over thosnrfaoe earth might aggravate the evil by promoting the 
evaporation of the little remaining moisture; but the praotice is founded 
partly on tho belief that the hygrosoopioity of tho soil is increased by it to 
saoh a degree that it gains more by absorption than it loses by evaporation, 
and partly on tho dootrine that to admit air to the rootlets, or at least to the 
earth near them, is to sapply directly elements of vegetable growth. 
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of domesticated plants, and scientific journals liavo described 
the experiments by which the identity of particular wild and 
cultivated vegetables has been thought to bo established. It is 
confidently affirmed that maize and the potato—which wo must 
suppose to have been first cultivated at a much later period 
than the bivadstuffs and most other esculent vegetables of 
Europe and the East—are found wild and 6 clf-propngating in 
Spanish America, though in forms not recognizable by the 
common observer as identical with the familiar corn and tuber 
of modem agriculture. It was lately asserted, upon what 
seemed very strong evidence, that tho sEyiloj>8 ovata , a plant 
growing wild in Southern France, had been actually converted 
into common wheat; but, upon a repetition of tho experiments, 
later observers have declared that tho apparent change was 
only a ca60 of temporary hybridation or fecundation by tho 
pollen of true wheat, and that tho grass alleged to be trans¬ 
formed into wheat could not bo perpetuated as such from its 
own seed. 

The very great modifications which cultivated plants arc con¬ 
stantly undergoing under our eyes, and the numerous varieties 
and races which spring up among them, certainly countenance 
the doctrine, that every domesticated vegetable, however de¬ 
pendent upon human care for growth and propagation in its 
present form, may have been really derived, by a long succes¬ 
sion of changes, from some wild plant not now perhaps much 
resembling it.* But it is, in every case, a question of evidence. 


• What is tho possiblo limit of such changes, wo do not know, but they may 
doubtless bo oarriod vastly beyond what experience) ho* yot shown to bo practi¬ 
cable. Civilized man baa experimented littlo on wild plants, and especially on 
forest trees, lie has indeed improved tho fruit, and devolopod now variotios, 
of tho chestnut, by cultivation, and it is observed that our Aincrioau forest-tree 
nuts and berries, such as tho butternut and tho wild mulberry, bocomo larger 
and better flavored in a single generation by planting and training. (Bryant, 
Forc*t Tree$ % 1871, pp. 00, 110.) Why should not tho industry and ingouu- 
Ity which have wrought such wonders in our horticulture produoo analo¬ 
gous results when appliod to the cultivation and amelioration of larger vege¬ 
tables ? Might not, for instance, the ivory nut. the fruit of the Phyttlephoi 
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The only satisfactory proof that a given wild plant is identical 
with a given garden or field vegetable, is the test of experi¬ 
ment, the actual growing of the one from the seed of the other, 
or the conversion of the one into the other by transplantation 
and change of conditions.* It is hardly contended that any of 
the cereals or other plants important as human aliment, or 
as objects of agricultural industry, exist and propagate them¬ 
selves uncultivated in the same form and with the same pro¬ 
perties as when sown and reared by human art.f In fact, 
the cases are rare where the identity of a wild with a domes¬ 
ticated plant is considered by the best authorities as conclu¬ 
sively established, and we are warranted in affirming of but 
few of the latter, as a historically known or experimentally 


macrocarpa, possibly be no increased in size as to serve nearly all the purposes 
of animal ivory now beooming so scarce ? Might not the various milk-pro¬ 
ducing trees become, by cultivation, a really important source of nutriment 
to the inhabitants of warm climAtes ? In short, there is room to hope incal¬ 
culable advantage from the exercise of human skill in the improvement of 
yet untamed forms of vegetable life. 

* The poisonous wild parsnip of New England has been often asserted to bo 
convertible into the common gardon parsnip by cultivation, or rather to be 
the same vegetable growing undor different conditions, and it is said to bo de¬ 
prived of its deleterious qualities simply by an increased luxuriance of growth 
in rich, tUled earth. Wild medioinol plants, so important in the rustic 
ria medioa of New England—such as pennyroyal, for example—are generally 
muoh less aromatio and poworfnl when cultivated in gardens than when self- 
sown on meagre soils. On the other hand, the cinc/iona, lately introduced 
from South America into British India and carefully cultivated there, is found 
to be rloher in quinine than the American tree. 

f Some recent observations of Wetsstein are worthy of special notice. 
14 The soil of the Haur&n,” he remarks, 41 produoes, in its primitive condition, 
muoh wild rye, whioh is not known as a cultivated plant in Syria, and much 
wild barley and oats. These oereals precisely resemble the corresponding cul¬ 
tivated plants in leaf, ear, size, and height of straw, but their grains are sen¬ 
sibly flatter and poorer in flou x. n —BeUebiric?it Uber Haur&n und die Traclub 
fie/i, p. 40. 

Some of the oereals are, to a oertain extent, self-propagating in the soil 
and olimate of California. 44 Volunteer crops are grown from the seed which 
falls out in harvesting. Barley has been known to volunteer five crops in suo- 
oessioo.”— PuAYJcn-FnowD, Bi* Months In California, p. 180. 
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proved fact, that they ever did exist, or could exist, independ¬ 
ently of man.* 


Transfer of Vegetable Life. 

It belongs to vegetable and animal geography, which are 
almost sciences of themselves, to point out in detail what man 
has done to change the distribution of plants and of animated 

* This remark in much leas applicable to fruit trees than to pardon vegeta¬ 
bles and the cereali.a. The wild orange of Florida, though onoe considered 
indigenous, is now generally thi-.ight by botanists to bo descended from the 
European orange introduced by the early colonists. On the wild apple treee 
of Massachusetts see an interesting chapter in Tiioheau, Excursions. The 
fig and the olive are found growing wild in every country whoro those trees 
are cultivated The wild fig differs from the domesticated in its habits, ite 
season of fructification, and its insect population, but is, I believe, not spe- 
oificaUy distinguishable from the garden fig, though I do not know that it is 
reclaimable by cultivation. The wild olive, which is so abundant in the Tus¬ 
can Maremma, produces good fruit without further caro, when thinned out 
and freed from the shade of other trees, and is particularly suited for graft¬ 
ing. See Salvaoxolt, Memorie tulle Marcmtne, pp. 63-73. The olive is indi¬ 
genous in Syria and in the Punjaub, and forms vast forests in the Himalayas 
at from 1,400 to 2,100 feot above tho level of the sea.— Cleqiiokn, Memoir 
on the Timber procured from the Indue, etc., pp. 8-13. 

Fiiaa8, Klima und PjtanzenucU in der Zeit, pp. 33-38, gives, upon the 
authority of Link and other botanical writers, a list of the native habitats of 
most cereals and of many fruits, or at least of localities whore those plants 
aro said to be now found wild; but the data do not appear to rost, in genorol, 
upon very trustworthy evidence. Theoretically, there oan be little doubt that 
all our cultivated plants ore modified forms of spontaneous vegetation, 
though the connection is not historically shown, nor are wo able to say that 
the originals of some domesticated vegetables may not be now extinot and 
unrepresented in the existing wild flora. See, on this subject, Huhboldt, 
Ansichtcn der Nutwr, L, pp. 208, 200. 

The Aflum# of modem botany and soology have been put to hard shifts In 
finding names for the multiplied organisms which the Creator has brought 
before them, •• to see what they would call themand naturalists and phi¬ 
losophers have shown much moral courage in setting at naught the laws of 
philology in the ooinage of uncouth words to express scientific ideas. It is 
much to be wished that some bold neologist would devise English technical 
equivalents for the German vencUdert, run-wild, and veredeU, improved by 
cultivation. 
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life and to revolutionize the aspect of organic nature; but some 
of the more important facts bearing on the first branch of this 
Bubjcct may pertinently be introduced here. Most of the cereal 
grains, the pulse, the edible roots, the tree fruits, and other im¬ 
portant forms of esculent vegetation grown in Europe and the 
United States are believed, and—if the testimony of Pliny and 
other ancient naturalists is to be depended upon—many of them 
are historically known, to have originated in the temperate 
climates of Asia. The agriculture of even so old a country as 
Egypt has been almost completely revolutionized by the intro¬ 
duction of foreign plants, within the historical period. “With 
the exception of wheat,” says Hehn, “the Nile valley now 
yields only now products, cotton, rice, sugar, indigo, sorghum, 
dates,” being all unknown to its most ancient rural husbandry.* 
The wine grapo has boon thought to be truly indigenous only 
in the regions bordering on the eastern end of the Black Sea, 
where it now, particularly on the banks of the Rion, the ancient 
Pliasis, propagates itself spontaneously, and grows with un¬ 
exampled luxuriance.! But some species of the vino seem 
native to Europe, and many varieties of grape have been too 
long known as common to every part of the United States to 

* On these points see the learned work of Heiin, Kultur. Pflanzcn und 
Thiers in ihrem Ucbergang a us Asien. 1870. On the migration of plants 
generally, see Lyell, Principles of Geology , 10th ed., voL ii. 9 a 

f The vino-wood planks of the anoient great door of the oathodral at 
Ravenna, which measured thirteen feet in length by a foot and a quarter in 
width, are traditionally said to have boon brought from the Black Sea, by way 
of Constantinople, about the eleventh or twelfth century. Vines of such 
dimensions are now very rarely found in any other part of the East, and, 
though I have taken some pains on the subject, I never found in Syria or in 
Turkey a vine stock ezoceding six inches in diameter, bark excluded. Schulz, 
however, saw at Beitschin, near Ptolomais, a vine measuring eighteen inches in 
diameter. Strabo speaks of vine-stooks in Margiana (Khorasan) of such dimen¬ 
sions that two men, with outstretohed arms, could soarcoly embrace them. 
See Strabo, ed. Oasaubon, pp. 78,016,820. Statues of vine wood are mentioned 
by anoient writers. Very large vine-stems are not common in Italy, but the 
vine-wood panels of the door of the ohapter-haU of the ohurch of St. John at 
Solusso are not less than ten inohes in width, and I observed not long sinoe, in 
a garden at Pit di Mulera, a vine stook with a circumference of thirty inohes. 
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admit of the supposition that they were introduced by European 
colonists.* 


Objects of Modern Commerce . 

It is an interesting fact that the commerce—or at least the 
maritime carrying trade—and tlio agricultural and mechanical 
industry of the world are, in very largo proportion, dependent 
on vegetable and animal products little or not at all known to 
ancient Greek, Roman, and Jewish civilization. In many 
instances, the chief supply of these articles comes from coun¬ 
tries to which they are probably indigenous, and where they are 
still almost exclusively grown; but in most casos, the plants or 
animals from which they aro derived have been introduced by 
man into regions now remarkable for thoir successful cultiva¬ 
tion, and that, too, in comparatively recent times, or, in other 
words, within two o: three centuries. 

Something of detail on this subject cannot, I think, fail to 
prove interesting. Pliny mentions about thirty or forty oils as 
known to the ancients, of which only olive, sesame, rape seed 
and walnut oil—for except in one or two doubtful passages I 
find in this author no notico of linseed oil—appear to have been 
used in such quantities as to have had any serious importance 
in the carrying trade. At tlio present time, the now oils, linseed 
oil, the oil of tho whale and other largo marino animals, 
petroleum—of which the total consumption of tho world in 
1871 is estimated at 6,000,000 barrels, tho port of Philadelphia 

* Tho Northmen who—an I think it ha* been indisputably established by 
Professor Itafn of Copenhagen—visited tho coast of Massachusetts about tho 
year 1000, found grapos growing tboro in profusion, and tho wild vino still 
flourishes in great variety and abundance in tho southeastern oountios of 
that State. The townships in tho vicinity of tho Dighton rock, supposed by 
many—with whom, however, I am sorry I cannot agree—to boar a Scandi¬ 
navian inscription, abound in wild vines. According to Laudosni&rb, HUtoir* 
Notablo de la Florid*, reprint, Paris, 1853, p 5, tho French navigators in 1503 
found in that peninsula u wild vines whioh ©limb the trees and produoe good 
grapea.” 
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alone exporting 56,000,000 gallons in that year—palm-oil recently 
introduced into commerce, and now imported into England 
from the coast of Africa at the rate of forty or fifty thousand 
tmis a year, these alone undoubtedly give employment to more 
shipping than the whole commerce of Italy—with the excep¬ 
tion of wheat—at the most flourishing period of the Roman 
empire.* England imports annually about 600,000 tons of 
sugar, 100,000 tons of jute, and about the same quantity of 
esparto, six million tons of cotton, of which the value of 
830,000,000 is exported again in the form of manufactured 
goods—including, by a strange industrial revolution, a large 
amount of cotton yarn and cotton tissues sent to India and 
directly or indirectly paid for by raw cotton to be manufactured 
in England—30,000 tons of tobacco, from 100,000 to 350,000 
cons of guano, hundreds of thousands of tons of tea, coffee, 
cacao, caoutchouc, gutta-percha and numerous othor important 
articles of trade wholly unknown, as objects of commoree, to 
the ancient European world; and this immense importation is 
balanced by a corresponding amount of exportation, not consist- 


* A very few years since, the United States had more than six hundred large 
ships engaged in the whale fishery, and the number of American whalers, in 6pite 
of tho introduction of many new sources of oils, still amounts to two hundred 
and fifty. 

Tho oity of Rome imported from Sicily, from Africa, and from the Levant, 
enormous quantities of grain for gratuitous distribution among the lower 
olasses of the capital. The pecuniary value of tho goins, the spices, the 
unguonts, the perfumes, tho cosmetics and the tissues, which came principally 
from tho East, was great, but thoso artlolos wore noithor hoavy nor bulky and 
thoir transportation required but a small amount of shipping. Tho marbles, 
tho obelisks, tho statuary and other objoots of art pluudorod in oonquorod 
provlnoes by Roman genorals and govomors, tho wild animals, suoh os elephants, 
rhinooeroses, hippopotami, camelopards and the largor boasts of prey imported 
tor slaughter at the publio games, and the prisoners oaptured in foreign wars 
and brought to Italy for sale as slaves or butchery as gladiators, furnished 
employment for muoh more tonnage than all the legitimate oomxneroe of the 
empire, with the possible exception of wheat. 

Independently of the direct testimony of Latin authors, the Greek statuary, 
the Egyptian obelisks, and the vast quantities of foreign marbles, granite, por¬ 
phyry, basalt, and other stones used in sculpture and in architecture, which 
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ing, however, by any moans, exclusively of articles now to com¬ 
merce. 41 


Foreign Plants , how Introduced, 

Besides the vegetables I have mentioned, we know that many 
plants of smaller economical value have been the subjects of 
international exchange in very recent times. Busbcquius, Aus¬ 
trian ambassador at Constantinople about tho middle of the 
sixteenth century—whoso letters contain ono of tho best 
accounts of Turkish life which havo appeared down to tho 
present day—brought homo from tho Ottoman capital tlio lilao 
and the tulip. Tho Belgian Clusius about tho same time intro¬ 
duced from the East tho horse chestnut, which has sinco 
wandered to America. Tho weeping willows of Europo ami 
the United States aro said to havo sprung from a slip rccoivod 


havo boon found in tho remains of anoiont Romo, show that tho Imporial 
capital must havo employed an immonno amount of tonnage in tho importation 
of hoavy articles for which thoro could havo been no rotum freight, unloss in 
tho way of military transportation. Some of tho Egyptian obelisks at Homo 
weigh upwards of four hundred tons, and many of tho rod granito columns 
from tho same country must havo exceeded ono hundred tons. Greok and 
African marbles woro largely usod not only for columns, cntablaturos, and 
solid walls, but for casing tho extorior and veneoring tho intorior of publio 
and privato buildings. Scaurus imported, for tho socno alono of a tomporaxy 
theatre designed to stand scarcely for a month, throo hundred and sixty 
columns, which woro disposed in throo tiers, tho lowor range being forty-two 
foot in hoight—Soo Pltny, Nat. JIUt. } Lib. xxxvi. 

Italy produced vory littlo for export, and bor importations, whon not consist¬ 
ing of booty, woro chiefly paid for in ooin which was principally eithor tho 
spoil of war or tho fruit of official oxtortlon. 

* Many of tboso articles would undoubtedly havo boon mado known to tho 
Grooks and Romans and havo flgurod in their oomraorco, but for tbo slownoss 
and costliness of anoiont navigation, which, in tho seas familiar to them, was 
suspended for a full third of tho year from tho inability of thoir vossels to oopo 
with wintor weather. The prosont spood and economy of transportation have 
wrought and aro still working strange commercial and industrial revolutions. 
Algeria now supplies Northern Germany with fresh cauliflowors, and in the early 
spring the market-gardenors of Naples find it more profitable to send their first 
fruits to St. Petersburg to furnish thorn to Florenoe and Rome. 
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from Smyrna by the poet Pope, and planted by him in an English 
garden $ Drouyn de 1’IIuys, in a discourse delivered before the 
French Soci&d cTAcelimatation, in 18G0, claims for Rabelais 
the introduction of the melon, the artichoke and the Alexandria 
pink into France; and the Portuguese declare that the progeni¬ 
tor of all the European and American oranges was an Oriental 
tree transplanted to Lisbon, and still living in the last genera¬ 
tion.* The present favorite flowers of the parterres of Europe 
have been imported from America, Japan and other remote 
Oriental countries, within a century and a half, and, in fine, 
there are few vegetables of any agricultural importance, few 
ornamental trees or decorative plants, which are not now 
common to the three civilized continents. 

The statistics of vegetable emigration exhibit numerical 
results quite surprising to those not familiar with the subject. 
The lonely island of St. Helena is described as producing, at 
the time of its discovery in the year 1501, about sixty vegetable 
species, including some three Or four known to grow elsewhere 
alsaf At the present time its flora numbers seven hundred and 

- 3 > £ 4 / 4 - - 

• The name portogaUo , bo generally applied to tho orange in Italy, seems to 
favor this claim. Tho orange, howevor, was known in Europe before the dis¬ 
covery of the Gape of Good Hope, and, therefore, before the establishment of 
direct relations between Portugal and the East—See Amabi, Storia del 
Musulmani in Sicilia , vol. it, p. 445. 

The date-palms of eastern and southern Spain were certainly introduced by 
the Moors. Leo von Rozmital, who visited Barcelona in 1470, says that the 
date-tree grew in great abundance in the environs of that city and ripened its 
fruit well. It is now scarcely cultivated further north than Valencia. It is 
singular that Ritter in his very full monograph on the palm does not mention 
those of Spain. 

On the introduction of conifera into England see an interesting artiole in the 
Edinburgh Review of October, 1604. 

MClleb, Dai Buck der Pfianzcnwdt^ p. 80, asserts that in 1802 the ancestor 
of all the mulberries in France, planted in 1500, was still standing in a garden 
In the village of Allan-Mont61imart 

f It may be considered very highly probable, if not certain, that the undis- 
oriminating herbalists of the sixteenth oentuxy must havo overlooked many 
plants native to this island. An English botanist, in an hour’s visit to Aden, 
discovered several species of plants ou rooks always reported, even to j scion* 
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fifty species—a natural result of the position of the island os 
the half-way house on the great ocean highway between Europe 
and tlio East. Humboldt and Bonpland found) among the 
unquestionably indigenous plants of tropical America, mono¬ 
cotyledons only, all the dicotyledons of thoso extensive regions 
having been probably introduced after the colonization of the 
New World by Spain. 

The seven hundred now species which have found their way 
to St. Helena within three centuries and a half, were certainly 
not all, or ever in the largest proportion, designedly planted 
there by human art, and if wo were well acquainted with vege¬ 
table emigration, wo should probably bo able to show that man 
has intentionally transferred fower plants than ho lias acci¬ 
dentally introduced into countries foreign to them. Aitor the 
wheat, follow tho tares that infest it. The woods that grow 
among the cereal grains, tho pests of tho kitchen garden, are 
the same in America as in Europe.* Tho overturning of a 
wagon, or any of tho thousand accidents which befall the 
emigrant in his journey across tho Western plains, may scattor 
upon the ground the 6eeds ho designed for his gardon, and tho 
herbs which fill so important a place in tho rustic matoria 
medica of the Eastern States, spring up along tho prairie paths 
but just opened by tho earavan of tho settlor, f 


tiflo travellers, aa absolutely barren. But after all, It appears to be weU 
established that the original flora of St. Helena was extremoly limited, though 
now counting hundreds of species. 

• Some years ago I mado a collection of weods in the wheatfields of Upper 
Egypt, and another in tho gardens on tho Bosphorus. Nearly all tho plants 
were identical with thoso whioh grow under tho some conditions in New 
England. I do not remember to havo soon in America tho scarlet wild poppy 
so common in European grainflolds. I havo hoard, however, that it has lately 
crossed the Atlantic, and I am not sorry for it. With our abundant harvests 
ef wheat, we can weU afford to pay now and then a loaf of bread for the 
cheerful radianoe of this brilliant flower. 

f Josselyn, who wrote about fifty years aftor the foundation of the first 
British colony in New England, says that the settlors at Plymouth had ob¬ 
served more than twenty English plants springing up spontaneously near their 
improvements. 
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Introduction of Foreign Plants. 

“ A negro slave of the great Cortez,” says Humboldt, “ was 
tlie first who sowed wheat in New Spain. lie found three 
grains of it among the rice which had been brought from Spain 
as food for the soldiers.” 

About twenty years ago, a Japanese forage plant, the Lcspe- 
dcza striata, whose seeds had been brought to the United 
States by some unknown accident, made its appearance in one 
of the Southern States. It spread spontaneously in various 
directions, and in a few years was widely diffused. It grows 
upon poor and exhausted soils, whore the formation of a turf 
or sward by the ordinary grasses would be impossible, and 
whore consequently no regular pastures or meadows can exist. 
It makes excellent fodder for stock, and though its value is 
contested, it is nevertheless generally thought a very important 
addition to the agricultural resources of the South.* 

In most of the Southern countries of Europo, the sheep and 
horned cattle winter on the plains, but in the summer are 

Every country bos many plants not now, if ever, mado ubg of by man, and 
therefore not designedly propagated by him, but which cluster around his 
dwelling, and continue to grow luxuriantly on the ruins of his rural habitation 
after he has abandoned it. The site of a cottage, the very foundation stones 
of which have been oarrled off, may often bo reoognizod, years afterwards, by 
the rank weeds which cover it, though no others of the same species are found 
for miles. 

“Mediffival Catholicism,” Bays Vaupell, “brought us the red borsohoof— 
whoso reddish-brown flowor buds shoot up from the ground when the snow 
melts, and are foUowed by the large loaves—oomfroy and snake-root, which 
grow only where there wore convents and other dwellings in the Middle Ages." 
—Bogem Indvandring i dt Dantto Stove, pp. 1, 2. 

* Accidents sometimes limit, as weU as promote, the propagation of foreign 
vegetables in countries new to them. The Lombardy poplar is a dioecious 
tree, and is very easily grown from cuttings. In most of the oountries into 
whioh it has been introduoed the cuttings have beon taken from the male, 
and as, consequently, moles only have grown from them, the poplar does not 
produoe seed in those regions. This is a fortunate circumstanoe, for other¬ 
wise this most worthless and least ornamental of trees would spread with a 
rapidity that would moke it an annoyance to the agriculturist 
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driven, sometimes many days’ journey, to mountain pastures. 
Their coats and fleeces transport seeds in both directions. 
Hence we 6ce Alpine plants in champaign districts, the plants 
of the plains on the borders of the glaciers, though in neither 
case do these vegetables ripen their seeds and propagate them¬ 
selves. This explains the occurrence of tufts of common red 
clover with pallid and sickly flowers, on the flanks of the Alps 
at heights exceeding seven thousand feet. 

The liortus siccus of a botanist may accidentally sow seeds 
from the foot of the Himalayas on tho plains that skirt the 
Alps; and it is a fact of very familiar observation, that exotics, 
transplanted to foreign climates suited to their growth, often 
escape from the flower garden and naturalize themselves among 
tho spontaneous vegetation of tho pastures. When tho cases 
containing tho artistic treasures of Thorvaldsen wore opened 
in the court of tho museum where they aro deposited, tho 
6 traw and grass employed in packing them were scattered upon 
the ground, and the next season there sprang up from the 
6 ceds no less than twenty-five 6pccies of plants belonging to 
the Homan campagna, 6ome of which were preserved and cul¬ 
tivated as a new tribute to tho memory of the great Scandi¬ 
navian sculptor, and at least four aro said to have spontaneously 
naturalized themselves about Copenhagen.* Tho Turkish 
armies, in their incursions into Europo, orought Eastern vege¬ 
tables in their train, and left the seeds of Oriental wall plants 
to grow upon tho ramparts of Buda and Vienna.t In the 
campaign of 1S14, the Russian troops brought, in the stuffing 
of their saddles and by other accidental means, seeds from the 
banks of tho Dnieper to tho valley of tho Rhino, and oven 
introduced tho plants of tho steppes into tho environs of Paris. 

Tho forage imported for tho French army in tho war of 


* Vaupell, Stiffens Indvandring t ds Dantke Stone, p. 2. 
f I believe it is certain that the Turks introduced toboooo into Hungary, 
and probable that they in some measure compensated the Injury by intro¬ 
ducing maize also, which, as well as toboooo, has been claimed as Hungarian by 
patriotic Magyars. 
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1870-1871 has introduced numerous plants fr&m Northern 
Africa and other countries into France, and this vegetable 
emigration is so extensive and so varied in character, that it 
will probably have an important botanical, and even economi¬ 
cal, effect on the flora of that country.* 

The Canada thistle, Erigeron Canadenae , which is said to 
have accompanied the early French voyagers to Canada from 
Normandy, is reported to have been introduced into other parts 
of Europe two hundred years ago by a Becd which dropped out 
of the stuffed skin of an American bird. 

Vegetable Power of Accommodation. 

The vegetables which, so far as we know their history, seem 
to have been longest objects of human caro, can, by painstaking 
industry, be made to grow under a great varioty of circum¬ 
stances, and some of them prosper nearly equally well when 
planted and tended on soils of almost any geological character; 
but the seeds of most of them vegetate only in artificially pre¬ 
pared ground, they have little self-sustaining power, and they 
soon perish when the nursing hand of man is withdrawn from 
them. 

The vine genua is very catholic and cosmopolite in its habits, 
but particular varieties are extremely fastidious and exclusive 
in their requirements as to soil and climate. The stocks of 
many celebrated vineyards lose their peculiar qualities by 


• In a communication lately made to the Frenoh Aoadomy, M. Vibraye gives 
numerous interesting details on this subject, and says tho appearance of the 
many new plants observed in Franco in 1871, u results from forage supplied 
from abroad, the seeds of which had fallen upon the ground. At tho prosont 
time, several Mediterranean plants, chiefly Algerian, having braved the cold 
of an exceptionally severe winter, are being largely propagated, forming exten¬ 
sive meadows, and changing soil that was formerly arid and produced no 
vegetable of importance into voritable oases. M Soe Nature, Aug. 1,1873, 
p. 868. We shall see on a foUowing page that oauals are efficient agencies in 
the unintentional interchange of organio life, vegetable as well as 
between regions connected by such channels. 
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transplantation, and tlio most famous wines are capable of 
production only in certain well-defined and for the most part 
narrow districts. The Ionian vine which hoax’s the littlo stone- 
less grape known in commerce as the Zanto currant, has resisted 
almost all efforts to naturalize it elsewhere, and is scarcely 
gi’own except in two or threo of the Ionian islands and in a 
narrow territory on the northern shores of the Morca. 

The attempts to introduce European varieties of the vino into 
the United States have not been successful except in California,* 
and it may be stated as a general rule that European forest 
and ornamental trees are not suited to the climate of North 
America, and that, at the same time, American garden vege¬ 
tables are less luxuriant, productive and tasteful in Europe than 
in the United States. 

The saline atmosphere of the sea is specially injurious both 
to seeds and to very many young plants, and it is only recently 
that the transportation of some vci*y important vegetables 
aci-oss the ocean has been made practicable, through the inven¬ 
tion of Ward’s air-tight glass cases. By this means largo num¬ 
bers of the trees which produce the Jesuit’s bark wore success¬ 
fully ti-ansplantcd from America to the British possessions in 
the East, where this valuable plant may now bo caid to have 
become fully liaturalized.f 

Vegetables, naturalized abroad either by accident or design, 
sometimes exhibit a greatly increased luxurianco of growth, 

* In I860, a vine of a European variety planted in Sta. Barbara oonnty in 
1883 measured a foot in diamoter four foot abovo the gTound. Its ramifies- 
tions covered ten thousand square foot of surfaoo and it annually produces 
twolvo thousand pounds of grapes. Tbo bunches aro slxtoon or eighteen 
inches long, and weigh six or seven pounds .—Letter from Commissioner of 
Land-OJJiUy dated May 13, 1800. 

f See CLEononN, Forests and Gardens of South India, Edinburgh, 1801, 
and The Britishi Parliamentary licturn on Cite Chinchona plant 1000. It has 
beon found that the seods of several spooics of cinchona prosorve their vitality 
long enough to be transported to distant regions. The swiftness of steam 
navigation renders it possible to transport to foreign oountries not only seeds 
but dolioate living plants which oould not have borne a long voyage by sailing 
vessels. 
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Tho European cardoon, an esculent thistle, has broken out from 
the gardens of the Spanish colonies on the La Plata, acquired 
a gigantic stature, and propagated itself, in impenetrable 
thickets, over hundreds of leagues of the Pampas; and the 
Anacharia ahino8trum } a water plant not much inclined to 
spread in its native American habitat, has found its way into 
English rivers, and extended itself to such a degree as to form 
a serious obstruction to the flow of the current, and even to 
navigation. 

Not only do many wild plants exhibit a remarkable facility 
of accommodation, but their seeds usually possess great tenacity 
of life, and their germinating power resists very severe trials. 
Hence, while the soeds of many cultivated vegetables lose 
their vitality in two or three yearn, and can be transported 
safely to distant countries only with great precautions, tho 
weeds that infest those vegetables, though not cared for by 
man, continue to accompany him in his migrations, and find 
a new homo on every 6oil ho colonizes. Nature fights in 
defence of her free children, but wars upon them when they 
have deserted her banners and tamely submitted to the domin¬ 
ion of man.* 

Indeed, tho faculty of spontaneous reproduction and perpetu¬ 
ation necessarily supposes a greater power of accommodation, 
within a certain range, than we find in most domesticated 
plants, for it would rarely happen that the seed of a wild plant 
would fall into ground as nearly similar, in composition and 
condition, to that where its parent grew, as tho soils of different 
fields artificially prepared for growing a particular vegetable 
are to each other. Accordingly, though every wild species 
affects a habitat of a particular character, it is found that, if 


* Tempests, violent enough to doitroy all cultivated plants, frequently 
•pare those of spontaneous growth. I have often soon in Northern Italy, 
vineyards, maixe fields, mulberry and fruit trees completely stripped of their 
foliage by hail, while the forest trees scattered through the meadows, end tho 
shrubs and brambles which sprang up by tbe wayside, passed through tho 
ordeal with scarcely the loss of a leaflet. 
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accidentally or designedly sown elsewhere, it will grow under 
conditions extremely unlike thoso of its birthplace. Cooper 
says: “ We cannot say positively that any plant is uucultivable 
anywhere until it has been tried; ” and this seems to be oven 
more true of wild than of domesticated vegetation. 

The wild plant is much hardier than the domesticated vege¬ 
table, and the same law prevails in animated brute and even hu¬ 
man life. The beasts of the chase aro more capable of endur¬ 
ance and privation and more tenacious of life, than the domesti¬ 
cated animals which most nearly resemble them. Tho savage 
fights on, after ho has received half a dozen mortal wounds, tho 
least, of which would have instantly paralyzed tho strength of his 
civilized enemy, and, like tho wild boar, ho has been known to 
press forward along tho shaft of the spoar which was trans¬ 
piercing his vitals, and to deal a deathblow ou tho soldier who 
wielded it. 

True, domesticated plants can bo gradually acclimatized to 
bear a degree of heat or of cold, which, in their wild stato, 
they would not have supported ; tho trained English racer out¬ 
strips tho swiftest horse of tho pampas or prairies, perhaps oven 
the lees systematically educated courser of the Arab; tho 
strength of tho European, as tested by the dynamometer, is 
greater than that of tho Now Zealander, But all thoso aro 
instances of excos6ivo development of particular capacities 
and faculties at tho expense of general viral power. Expose 
nutamed and domesticated forms of lifo, together, to an entire 
set of physical conditions equally alien to tho former habits of 
both, so that every power of resistance and accommodation 
shall bo called into action, and tho wild plant or animal will 
live, while the domesticated will porish. 

Agricultural Products of the United States . 

According to tho census of 1870, tho United States had, on 
the first of Juno in that year, in round numbers, 189,000,000 
acres of improved land, tho quautity having been increased by 
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10,000,000 acres witliin the ten years next preceding.* Not to 
mention less important crops, this land produced, in the year 
ending on the day last mentioned, in round numbers, 288,000,- 
000 bushels of wheat, 17,000,000 bushels of rye, 282,000,000 
bushclsef oats, 6,000,000 bushels of pease and beans, 80,000,000 
bushels of barley, orchard fruits to the value of $47,000,000, 
640,000 bushels of cloverseed, 580,000 bushels of other grass 
seed, 18,000 tons of hemp, 27,000,000 pounds of flax, and 
1,730,000 bushels of flaxseed. These vegetable growths were 
familiar to ancient European agriculture, but they were all 
introduced into North America after the close of the sixteenth 
century. 

Of the fruits of agricultural industry unknown to the Greeks 
and Homans, or too little employed by them to be of any com¬ 
mercial importance, the United States produced, in the samo 
year, 74,000,000 pounds of rice, 10,000,000 bushels of buck¬ 
wheat, 3,000,000 bales of cotton,f 87,000 hogsheads of cane 
sugar, 6,600,000 gallons of cane molasses, 16,000,000 gallons of 
sorghum molasses, all yielded by vegetables introduced into that 
country within two hundred years, and—with the exception of 
buckwheat, the origin of which is uncertain, and of cotton—all, 
directly or indirectly, from the East Indies; besidt3, from 


* Ninth Census of the United States, 1872, p. 841. By “ improved” land, 
in the reports on the census of the United States, is meant “ cleared land used 
for grazing, grass, or tillage, or whioh is now fallow, oonneoted with or belong¬ 
ing to a farm.”— Instructions to Marshals and Assistants , Census c/1870. 

f Cotton, though cultivated in Asia from tho remotest antiquity, and known 
at a raro and oostly produot to the Latins and the Greeks, was not used by 
them except os an artiole of luxury, nor did it enter into their oominoroe to 
any considerable extent as a regular objoot of importation. The early voyagers 
found it in common use in the West Indies and in the provinces first oolonized 
by the Spaniards; but it was introduced into the territory of the United States 
by European settlers, and did not beoome of any importance until after the 
Revolution. Cottonseed was sown in Virginia as early as 1621, but was not 
cultivated with a view to profit for more than a century afterwards. Sea-island 
ootton was first grown on the ooost of Georgia in 1780, the seed having boon 
brought from the Bahamas, where it bad been introduoed from Anguilla*— 
Bioblow, Let hftats-Unis m 1868, p. 870. 
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indigenous plants unknown to ancient agriculture, 761,000,000 
bushels of Indian com, 263,000,000 pounds of tobacco, 143,- 
000,000 bushels of potatoes, 22,000,000 bushels of sweet pota¬ 
toes, 28,000,000 pounds of maple sugar, and 025,000 gallons of 
maple molasses.* To all this we are to add 27,000,000 tons of 
hay,—produced partly by new, partly by long known, partly by 
exotic and partly by native herbs and grasses, the value of 
$21,000,000 in garden vegetables chiefly of European or Asiatic 
origin, 3,000,000 gallons of wine, and many minor agricultural 
products, f 

The weight of this harvest of a year would bo many times 
the tonnage of all the shipping of tho United States at the 
close of the year 1870—and, with the exception of the maple 
sugar, the maple molasses, and tho products of tho Western 
prairie lands and of 6ome small Indian clearings, it was all 
grown upon lands wrested from tho forest by tho European 
race within little more than two hundred years. Tho wants of 
Europe have introduced into tho colonies of tropical America 
the sugar cane, \ tho coffee plant, tho orange and tho lemon, 
all of Oriental origin, have immensely stimulated the cultiva¬ 
tion of tho former two in tho countries of which they are na¬ 
tives, and, of course, promoted agricultural operations which 


* Thoro is a falling off sinoo 1800 of 11,000,000 pounds in the quantity of 
maplo sugar and of xuoro than a million gallons of maple molasses. Tho 
high prico of cano sugar during rid sinoo tho lato civU war must havo increased 
the product of xnaplo sugar and molasses beyond what it otherwiso would havo 
boon, but the domestic warfare on the woods has more than componsatod this 
oause of incre e. 

t Jhunie, liochmeria Unacmimn , a speoies of Chlneso nottlo producing a 
hbro which may be spun and woven, and which unites many of the properties 
of silk and of linen, has been completely naturalized in the United Btctos, and 
results important to tho industry of tho oountry are oxpootod from it. 

X The sugar Gone was introduced by tho Arabs into Sioily and Spain as 
early as the ninth contury, and though it is now scarcely grown in those 
looalitios, I am not aware of any reason to doubt that ite cultivation might 
be revived with advantage. From Spain it was oarried to tho West Indies, 
though different varieties have since been intxoduoed into those islands from 
other source* 
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must have affected the geography of those regions to an extent 
proportionate to the scale on which they have been pursued. 

Useful American Plants grown in Europe. 

America has partially repaid her debt to the Eastern conti¬ 
nent. Maize and the potato are very valuable additions to the 
field agriculture of Europe and the East, and the tomato is no 
mean gift to the kitchen gardens of tho Old World, though 
certainly not an adequate return for the multitude of esculent 
roots and leguminous plants which tho European colonists 
carried with them.* I wish I could believe, with some, that 
America is not alone responsible for the introduction of tho 
filthy weed, tobacco, tho use of which is the most vulgar aud 
pernicious habit engrafted by the 6emi-barbarism of modem 
civilization upon the less multifarious sensualism of ancient 
life; but the alleged occurrence of pipe-like objects in old 
Sclavonic, and, it has been said, in Hungarian sepulchres, is 
hardly sufficient evidence to convict those races of complicity 
in this grave offence against the temperance and the refinement 
of modern society. 


Extirpation of Vegetables. 

Lamentable as are the evils produced by the too general 
felling of the woods in the Old World, I believe it docs not 
appear that any species of native forest tree has yet been 

* John Smith mentions, in hU Historie of Virginia , 1024, pease and beans 
as having been cultivated by the natives before the arrival of the whites, and 
there is no doubt, I beUeve, that several oommon ouourbitaoeous plants are of 
Amerioan origin; but most, if not all the varieties of pease, beans, and other 
pod fruits now grown in Amerioan gardens, are from European and other 
foreign seed. 

Cartier, A.D. 1535-6, mentions “vines, great melons, oucumbers, gourds 
[oourges], pease, beans of various oolors, but not like ours,’ 1 as oommon 
among the Indians of the banks of the St Lawrenoe ^-Brtf Rtcit, etc., re¬ 
print Paris, 1808, pp. 18, a; 14, b; 20, b; 81, a. 
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extirpated by man on the Eastern continent. Tho roots, 
tumps, trunks, and foliage found in bogs are recognized as 
belonging to still extant species. Except in some few cases 
where there is historical evidence that foreign material was 
employed, the timber of the oldest European buildings, and 
even of the lacustrine habitations of Switzerland, is evidently 
the product of trees still common in or near the countries 
where such architectural remains are found; nor have tho 
Egyptian catacombs themselves revealed to us the former ex¬ 
istence of any woods not now familiar to us as the growth of 
still living trees.* It is, however, said that tho yew tree, 
Taxus haccota , formerly very common in England, Germany, 
and—as wo are authorized to infer from Theophrastus—in 
Greece, has almost wholly disappeared from tho latter country, 
and seems to be dying out in Germany. Tho wood of the yew 
surpasses that of almost any other European tree in closeness 
and fineness of grain, and it is well known for tho elasticity 
which of old made it so great a favorite with tho English 
archer. It is much in request among wood carvers and turners, 
and tho demand for it explains, in part, its increasing scarcity. 

* Some botanists think that a species of water lily represented in many 
Egyptian tombs lias bccorao extinct, and the papyrus, which must havo once 
been abundant in Egypt, is now found only in a very few localities near the 
mouth of the Nile. It grows very well and ripens its seeds in tho waters of 
the Anapus near Syracuse, and I have seen it in garden ponds at Messina and 
in Malta. There is no apparent reason for behoving that it could not be easily 
cultivated in Egypt, to any extent, if there were any speoial motive for on* 
couraging its growth. 

Silphium , a famous medicinal plant of Lybia and of Persia, soems to havo dis* 
appeared entirely. At any rate thero is no proof that it now oxists in oithor 
of those regions. Tho Silphium of Groek and Roman commerce appoars to 
havo oome wholly from Cyrcne, that from tho Asiatic deserts boing generally 
of less valuo, or, as Strabo says, porhaps of an inferior variety. The province 
near Cyreno which produced it was very limited, and according to Strabo (od. 
Cftsaubon, p. 837 ), it was at ono time almost ontiroly extirpated by the nomndo 
Africans who invaded the province and rooted out tho plant. 

Tho vcgotable which produced the Balm of Gilead has not been found in 
modem times, although the localities in which it anciently grew have been 
carefully explored. 
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It is also asserted that do insect depends upon it for food or 
shelter, or aids in its fructification, and birds very rarely feed 
upon its berries: these are circumstances of no small import¬ 
ance, because the tree hence wants means of propagation or 
diffusion common to so many other plants. But it is alleged 
that the reproductive power of the yew is exhausted, and that 
it can no longer bo readily propagated by the natural sowing 
of its seeds, or by artificial methods. If further investigation 
and careful experiment should establish this fact, it will go far 
to 6how that a climatic change, of a character unfavorable to 
the growth of the yew, has really taken place in Germany, 
though not yet proved by instrumental observation, and the 
most probable cause of such change would be found in the 
diminution of the area covered by the forests. 

The industry of man is said to have been so successful in 
the local extirpation of noxious or useless vegetables in China, 
that, with the exception of a few water plants in the rice 
grounds, it is sometimes impossible to find a single weed in an 
extensive district; and the late eminent agriculturist, Mr. 
Coke, is reported to have offered in vain a considerable reward 
for the detection of a weed in a large wheatfield on his estate 
in England. In these cases, however, there is no reason to sup¬ 
pose that diligent husbandry has done more than to eradicate 
the pests of agriculture within a comparatively limited area, 
and the cockle and the darnel will probably remain to plague 
the slovenly cultivator as long as the cereal grains continue to 
bless him.* 


• Although it is not known that man ho 0 absolutely extirpated any vegetable, 
the mysterious diseases whioh have, for the last twenty years, so injuriously 
affected the potato, the vine, the orange, the olive, and silk husbandry, are 
ascribod by some to a olimatio deterioration produoed by excessive destruction 
of the woods. As will be seen in the next ohaptor, a retardation in the period 
of spring has been observed in numerous localities in Southern Europe, as well 
as in the United States, and this change has been thought to favor the multi¬ 
plication of the obscure parasites whioh oause the injury to the vegetables just 
mentioned. 

Babinet supposes the parasites whioh attaok the grape and the potato to bo 
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All the operations of rural husbandry are destructive to 
spontaneous vegetation by the voluntary substitution of domes¬ 
tic for wild plants, and, as we have seen, the armies of the 
colonist are attended by troops of irregular and unrecognized 
camp-followers, which soon establish and propagate themselves 
over the new conquests. These unbidden and hungry guests— 
the gipsies of the vegetable world—often have great aptitude 
for accommodation and acclimation, and sometimes even crowd 
out the native growth to make room for themselves. The 
botanist Latham informs us that indigenous flowering plants, 

animal, not vegetable, and he ascribos their multiplication to excessive manur¬ 
ing and stimulation of tho growth of the plants on which they live. They are 
now generally, if not universally, regarded as vcgctablo, and if thoy are so, 
Bubinet’s theory would be even more plausible than on his own supposition.— 
Eludes et Lectures , it, p. 209. 

It is a fact of some interest in agricultural economy, that tho oldium, which 
is so destructive to tho grape, has produced no pecuniary loss to tho proprie¬ 
tors of the vineyards in Franco. “ The prico of wine,” says Lavergno, “ has 
quintupled, and as the product of the vintage has not diminished in the same 
proportion, the crisis has been, on tho wholo, rather advantageous than detri¬ 
mental to tho country .”—Economic Iiuralc dc la France , pp. 203, 204. 

France produces a large surplus of wines for exportation, and tho soles to 
foreign consumers ore tho principal sourco of profit to French vinegrowers. 
In Northern Italy, on the contrary, which exports little wino, there has been 
no such increase in the price of wino as to compcnsato tho great diminution in 
tho yield of tho vines, and tho loss of this harvest is sovorcly felt. In Sicily, 
however, which exports much wino, prices have risen os rapidly as in France. 
Waltershauscn informs ua that in tho years 1838-’43, tho rod wine of Mount 
Etna sold at the rate of one kreazer and a half, or ono cont tho bottle, and 
sometimos oven at but two thirds that prico, but that at prosont it commands 
fivo or six times as much. 

The grape disease has oporutod sovorcly on small cultivators whose vine¬ 
yards only furnished a supply for domestic use, but Sicily has received a com¬ 
pensation in the immense increase which it has occasioned in both the produot 
and the profits of the sulphur mines. Flour of sulphur is applied to tho vine 
as a remedy against the disease, and the operation is ropeatod from two to throe 
or four—and sometimos evon eight or ton—times In a season. Hence there is 
a great demand for sulphur in all the vine-growing countries of Europo, and 
Woltershausen estimates the annual consumption of that mineral for this sin¬ 
gle purposo at 850,000 centner , or more than forty thousand tons. The prioe 
of sulphur has risen in about the same proportion as that of wine.— WALTERS- 
hausen, Ueber den Sicdianiechen Aokerbau, pp. 19, 20. 
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once abundant on the North-Western prairies, have been so 
nearly extirpated by the inroads of half-wild vegetables which 
have come in the train of the Eastern immigrant, that there is 
reason to fear that, in a few years, his herbarium, will constitute 
the only evidcnco of their former existence.* 

There are plants—themselves perhaps sometimes stragglers 
from their proper habitat—which are found only in small num¬ 
bers and in few localities. These are eagerly sought by the 
botanist, and some such species are believed to be on the very 
verge of extinction, from the zeal of collectors. 

Animal Life as a Geological and Geographical Agency . 

The quantitative value of animated life, as a geological 
agency, seems to be inversely as tho volume of the individual 
organism ; for nature supplies by numbers what is wanting in 
tho bulk of tho animal out of whoso remains or structures she 
forms strata covering whole provinces, and builds up from the 
depths of tho sea largo islands, if not continents. There are, it 
is true, near tho mouths of tho great Siberian rivers which 
empty themselves into tho Polar Sea, drift islands composed, in 
an incredibly large proportion, of the bones und tusks of 
elephants, mastodons, and other huge pachyderms, and many 
extensive caves in various parts of tho world aro half filled with 
tho skeletons of quadrupeds, sometimes lying loose in the earth, 
sometimes cemented together into an osseous breccia by a cal¬ 
careous deposit or other binding material. These remains of 
largo animals, though found in comparatively late formations, 
generally belong to extinct species, and their modern congeners 
or representatives do not exist in sufficient numbers to be of 
sensible importance in geology or in geography by the mere 
mass of their skelotons.t But tho vegetable products found 

• Report of Commissioner of Agriculture of the United States for 1870. 

f Gould the bones and other relios of the domostio quadrupeds destroyed by 
disease or slaughtered for human use in civilized oountries be oolleoted into 
large deposit*, as obscure causes have gathered together those of extinct 
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with them, and, in rare cases, in tho stomachs of some of them, 
are those of yet extant plants; and besides this evidence, the 
discovery of works of human art, deposited in juxtaposition 
with fossil bones, and evidently at the same time and by tho 
same agency which buried these latter—not to speak of human 
bones found in tho same strata—proves that tho animals whose 
former existence tlioy testify were contemporaneous with man, 

animals, they would soon form aggregations which might almost be called 
mountains. Thore wero in the United States, in 1870, as wo shall seo horo- 
after, nearly one hundred millions of horses, black cattlo, sheep, and swina. 
Thore are great numbers of all the samo animals in tho British American Prov¬ 
inces and in Mexico, and there are large herds of wild horses on the plains, 
and of tamed among the independent Indian tribes of North America. It would 
perhaps not be extravagant to suppose that all these cattle mny amount to 
two thirds as many as thoso of the United States, and thus we have in North 
America a total of ICO,000,000 domestic quadrupoda belonging to Bpeoies intro¬ 
duced by European colonization, besides dogs, cats, and other four-footed 
household pets and pests, also of foreign origin. 

If we allow half a solid foot to the skeletor. and other slowly destructible 
parts of each animal, tho romains of theso herds would form a cubical mass 
measuring not much short of four hundred and fifty feet to the sirlo, or a 
pyramid equal in dimensions to that of Cheops, and as tho averngo lifo of these 
animals does not exceed six or soven years, tho accumulations of their bones, 
horns, hoofs, and other durable remains would amount to at least fifteon times 
as great a volume in a single century. It is true that the actual mass of 
6olid matter, left by the decay of dead domestic quadrupeds and permanently 
added to the crust of tho earth, is not so great as this calculation makes it 
The greatest proportion of tho soft parts of domestic animals, and oven of the 
bones, is soon decomposed, through direct consumption by man and other 
carnivora, industrial uso, and employment as manuro, and enters into new 
combinations in which its animal origin is scarcely traceablo ; there is, never¬ 
theless, a largo annual residuum, whioh, like decayed vegotablo matter, be¬ 
comes a part of the superficial mould; and in any event, brute life immonsoly 
changes the form and oharaotor of tho suporficial strata, if it does not sensibly 
augment the quantity of the matter composing thorn. 

The remains of man, too, add to the earthy coating that covers the faoe of 
tkj ylobe. The human bodios deposited in the cataoombs during the long, 
long ages of Egyptian history, would perhaps build as lArgo a pilo as ono 
generation of the quadrupeds of tho Unitod States. In tho barbarous days of 
old Moslem warfare, tho conquerors erectod laige pyramids of human skulls. 
Tho soil of oemeteriei in the great cities of Europe has somotimes been raised 
several feet fay the deposit of the dead during a few generations. In the Efcst, 
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and possibly even extirpated by him.* I do not propose to 
enter upon the thorny question, whether the existing races of 
man are genealogically connected with these ancient types of 
humanity, and I advert to these facts only for the sake of the 
suggestion, that man, in his earliest known stages of existence, 
was probably a destructive power upon the earth, thongh per¬ 
haps not so emphatically as his present representatives. 

The larger wild animals are not now numerous enough in any 
one region to form extensive deposits by their remains; but 
they have, nevertheless, a certain geographical importance. If 
the myriads of large browsing and grazing quadrupeds which 
wander over the plains of Southern Africa—and the slaughter 
of which by thousands is the source of a ferocious pleasure and 


Turks and Christians alike bury bodies but a couple of feet beneath the surface. 
The grave i» sespeoted as long as the tombstone remains, but the sepultures 
of the ignoble poor, and of those whose monuments time or accident has re¬ 
moved, are opened again and again to receive fresh occupants. Hence the 
ground in Oriontal cemeteries is pervaded with relies of humanity, if not 
wholly composed of them; and an examination of the soil of tho lower part of 
the Petit Champ des Marti , at Pens, by the naked eye alone, shows the ob¬ 
server that it consists almost exclusively of the comminuted bones of his fel¬ 
low-man. 

* The bones of mammoths and mastodons, in many instanoes, appear to 
have boon grazed or cut by flint arrow-heads or other stono weapons, and the 
bones of animals now extinot are often wrought into arms and utensils, or 
split to extraot the marrow. These accounts have often been discredited, be¬ 
cause it has been assumed that the extinction of these animals was more 
anoiont than the existenoe of man. Reoent disoovories render it certain that 
this conclusion has boon too hastily adopt© t. 

On page 143 of the Antiquity of Man, LyeU remarks that man 14 no doubt 
played his part in hastening the era of the extinction ” of tho lnrge pachyderms 
and beasts of prey; but, as contemporaneous species of other animals, whioh 
man cannot be supposed to have extirpated, have also beoome extinot, ha 
argues that the disappearonoe of the quadrupeds in question cannot bo 
asoribed to human action alone. 

On this point it may be observed that, as we oannot know what precise 
physical conditions were necessary to the existenoe of a given extinot organ¬ 
ism, we oannot say how far suoh conditions may have been modified by the 
action of man, end he may therefore have influenced the life of suoh organ- 
fama in ways, and to an extent, of which we oan form no just idea. 
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a brutal triumph to professedly civilized hunters—if the herds of 
the American bison, which are numbered by hundreds of thou¬ 
sands, do not produce visible changes in the forms of terrestrial 
surface, they have at least an immense influence on tho growth 
and distribution of vegetable life, and, of courso, indirectly 
upon all tho physical conditions of soil and climate between 
which and vegetation a mutual interdependence exists. 

In tho preceding chapter I referred to the agency of the 
beaver in the formation of bogs as producing sensible geograph¬ 
ical effects. 

I am disposed to think that more bogs in tho Northern States 
owe their origin to boavors than to accidental obstructions of 
rivulets by wind-fallen or naturally decayed trees; for there 
are few swamps in thoso States, at the outlots of which wo may 
not, by careful search, find tho remains of a bcavor dam. Tho 
beaver sometimes inhabits natural lakelets and even large rivers 
like tho Upper Mississippi, when tho current is not too rapid, but 
he prefers to owe his pond to his own ingenuity and toil. Tho 
reservoir once constructed, its inhabitants rapidly multiply so 
long as the trees, and tho harvests of pond lilies and other 
aquatic plants on which this quadruped feeds in winter, suffico 
for tho supply of the growing population. But tho extension 
of the water causes tho death of the neighboring trees, and tho 
annual growth of those which could be reached by canals and 
floated to the pond 60 on becomes insufficient for the wants of 
the community, and the beaver metropolis now sends out expe¬ 
ditions of discovery and colonization. Tho pond gradually fills 
up, by the operation of the same causes as when it owes its exist¬ 
ence to an accidental obstruction, and when, at last, the original 
settlement is converted into a bog by tho usual processes of 
vegetable life, the remaining inhabitants abandon it and build 
on some virgin brooklet a new city of tho waters.* 

* I find confirmation of my own observations on this point (published in 
1803) in the North* West Postage by Land of Milton and Choadlo, London, 1805. 
These travellers observed “ a long chain of marshes formed by the damming 
op of a stream which had now oeased to exist,” Chap. X. In Chap. XXI. 
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Influence of Animal Life on Vegetation . 

The influence of wild quadrupeds upon vegetable life has 
been little studied, and not many facts bearing upon it have 
been recorded, but, so far as it is known, it appears to be con- 


they state that “ nearly every stream between the Pembina and the Athabasca 
—-except the large river McLeod—appeared to have been destroyed by the 
agency of the beaver/ 1 and they question whether the vast extent of swampy 
ground in that region “ has not been brought to this condition by the work 
of beavers who have thus destroyed, by their own labor, the streams neces¬ 
sary to their own existence/ 1 

But even here nature provides a remedy, for when the process of u consoli¬ 
dation ” referred to in treating of bogs in the first chapter shall have been 
completed, and the forest re-established upon the marshes, the water now dif¬ 
fused through them will be collected in the lower or more yielding portions, 
out new channels for their flow, beoome running brooks, and thus restore the 
ancient aspeot of the surface. 

The authors add the curious observation that tho beavors of the present 
day seem to be a degenerate race, os they neither foil large trees nor con¬ 
struct great dams, while their progenitors out down trees two feet in diam- 
eter and dammed up rivers a hundred feet in width. The ohange in the habits 
of the beaver is probably due to the diminution of their numbers since the 
introduction of fire-arms, and to the foot that their hydraulic operations are 
more frequently interrupted by the encroachments of man. 

In the volley of tho Yellowstone, which has but lately been much visited by 
the white man, Hayden saw stumps of trees thirty inches in diameter which 
hod been cut down by beavers.— Geological Survey of Wyoming , p. 133. 

The Amerioun beaver olosoly resembles his European congener, and I believe 
most naturalists now regard them as identical. A difference of species had 
been inferred from a difference in their modes of life, the European animal 
being solitary and not a builder, the American gregarious and constructive. 
But late oareful researches in Germany have shown the former existence of 
numerous beaver dams in that country, though the animal, having beoome too 
rare to form colonies, has of oourse ceased to attempt works whioh require 
theoo-operationof numerous individuals.— Sciileiden, Fur Baum und Wald, 
Leipzig, 1870, p. 68. 

On the question of identity and on all others relating to this interesting 
animal, see L. H. Morgan’s important monograph, The American Beaver and 
KU Works, Philadelphia, 1808. Among the many new faots observed by this 
investigator is the oonstruotion of oanals by the beaver to float trunks and 
brandies of trees to his ponds. These canals are sometimes 600 or 700 feet 
long, with a width of two or three feet and a depth of one to one and a half. 
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servative rather than pernicious. Few wild animals depend for 
their subsistence on vegetable products obtainable only by the 
destruction of the plant, and they seem to coniine their con¬ 
sumption almost exclusively to the annual harvest of loaf or 
twig, or at least of parts of the vegetable easily reproduced. 
If there are exceptions to this rule, they are in cases whore the 
numbers of the animal are so proportioned to the abundance of 
the vegetable that there is no danger of the extermination of 
the plant from the voracity of the quadruped, or of the extinc¬ 
tion of the quadruped from the scarcity of the plant.* In diet 
and natural wants the bison resembles the ox, the ibex and the 
chamois assimilate themselves to the goat and the sheep; but 
while the wild animal docs not appear to be a destructive 
agency in the garden of nature, his domestic congeners are 


* European foresters speak of the action of tho squirrel as injurious to trees. 
Doubtless this is sometimes true in the case of artificial forests, but in woods 
of spontaneous growth, ordered and governed by nature, the squirrel docs not 
attack trees, or at least the injury ho may do is too trilling to bo porocptiblo, 
but he is a formidable enemy to tho plantation. “Tho squirrels bito the 
cones of the pine and consume the seed which might servo to restock the 
wood; they do stUl moro mischief by gnawing off, near tho loading shoot, a 
strip of bark, and thus often completely girdling the tree. Trees so injured 
must be felled, as they would nevor acquiro a vigorous growth. The squirrel 
is especially destructive to tho pine in Sologuo, whoro ho gnaws tho bark of 
trees twenty or twenty-fivo years old.” But oven hore, nature sometimos 
provides a compensation, by making tho appetito of this quadruped serve to 
prevent an excessive production of seed cones, which tends to obstruct the 
duo growth of tho leading shoot. “ In some of tho pineries of Brittany 
which produce cones so abundantly as to strangle the development of the 
leading shoot of the maritime pine, it has boon obsorved that the pinos are 
most vigorous whero tho squirrels are most numerous, a result attributed to 
the repression of the oones by this rodent.”— Boitel, Miss en valeur dcs Terra 
pan ere*, p. bO. 

Very interesting observations, on the agoncy of the squirrel and other small 
animals in planting and in destroying nuts and other seeds of trees, ma* be 
found in a paper on the Succession of Forests in Thoreau's Excursions , pp, 
135 et seqq. 

I once saw several quarts of beech -nuts taken from the winter quarters of a 
family of flying squirrels in a hollow tree. The kernels were neatly stripped 
of their shells and oaref ully stored in a dry cavity. 
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eminently so.* This is partly from the change of habits re¬ 
sulting from domestication and association with man, partly 
from the fact that the number of reclaimed animals is not de¬ 
termined by the natural relation of demand and spontaneous 
supply which regulates the multiplication of wild creatures, 
but by the convenience of man, who is, in comparatively few 
things, amenable to the control of the merely physical arrange¬ 
ments of nature. When the domesticated animal escapes from 
human jurisdiction, as in the case of tho ox, the horse, the goat, 
and perhaps the ass—which, so far as I know, are the only 
well-authenticated instances of the complete emancipation of 
household quadrupeds—he becomes again an unresisting sub¬ 
ject of nature, and all his economy is governed by the same 
laws as that of his fellows which have never been enslaved by 
man ; but, so long as he obeys a human lord, he is an auxiliary 
in the warfare his master is ever waging against all existences 
except those which he can tamo to a willing servitude. 

Origin and Transfer of Domestic Quadrupeds . 

Civilization is so intimately associated with certain inferior 
forms of animal life, if not dependent on them, that cultivated 

* Evelyn thought the depasturing of grass by cattle serviceable to its 
growth. “ The biting of cattle," he remarks, “ givos a gentle loosoning to the 
roots of the herbage, and makes it to grow fine and sweet, and their very 
breath and treading as well as soil, and the comfort of their warm bodies, is 
wholesome and marvellously cherishing.”— Terra, or FhtiowplUcal DUcmiree 
of Earth , p. 80. 

In a note upon this passage, Hunter observes: “ Nice farmers consider the 
lying of a beast upon the ground, for ono night only, ns a sufficient tilth for 
the year. The breath of graminivorous quadrupeds docs certainly enrich the 
roots of grass; a circumstance worthy of the attention of the philosophical 
farmer. ”— Terra, same page. 

The “ philosophical farmer'* of the present day wUl not adopt these opinions 
without some qualification, and they certainly aro not sustained by American 
observation. 

The Report of tho Department of Agriculture for March and April, 1872, states 
that the native grasses are disappearing from the prairies of Texas, especially 
on the bottom-lands, depasturing by oattle being destructive to them. 
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man has never failed to accompany himself, in all his migrations, 
with some of these liumblo attendants. The ox, the home, tho 
sheep, and even the comparatively useless dog and cat, as well as 
several species of poultry, are voluntarily transferred by every 
emigrant colony, and they soon multiply to numbers far exceed¬ 
ing llioso of the wild genera most nearly corresponding to them.* 

Of the origin of our domestic animals, wo know historically 
nothing, because their domestication belongs to the ages which 
preceded written annals; but though they cannot all bo specifi¬ 
cally identified with now extant wild animals, it is presumable 
that they have been reclaimed from an originally wild Btate. 
Ancient writers have preserved to us fewor data respecting the 
introduction of domestic animals into new countries than re¬ 
specting the transplantation of domestic vegetables. Hitter, in 
his learned essay on the camel, has shown that this animal was 
not employed by tho Egyptians until a comparatively late 
period in their history; f that ho was unknown to tho Cartlia- 

* Tho rat and tho mouse, though not voluntarily transported, aro pa/wongors 
by every ship that sails for a foreign port, and several spocics of thoso quad¬ 
rupeds havo, consequently, much extended their rango and increased thoir 
numbers in modem times. From a story of Ilcliogabalus related by Lam- 
riilDlus, Hint. Avg. Scriptorc8 y ed. Cosaubou, 1000, p. 110, it would scorn that 
mico at least wero not vory common in ancient Romo. Among tho caprioious 
freaks of that emperor, it is said that ho undertook to investigate tho statistics 
of the arachuoid population of tho capital, and that 10,000 pounds of spiders 
(or spiders* woba—for aranca is equivocal) were readily collected; but when 
ho got up a mouse-show, he thought ton thousand mioe a vory fair number. 
Rats aro not loss numerous in all great cities; and in Paris, whoro their skins 
aro usod for gloves, and their flesh, it is whispered, in some vory complex and 
equivocal dishes, they aro caught by legions. I have road of a manufacturer 
who contracted to buy of the rat-catchers, at a high price, all tho rat-skins 
they could furnish boforo a certain date, and failod, within a week, for want 
of capital, when the stock of poltry had run up to 000,000. 

Civilization has not contented itself \sith the introduction of domestic 
animals alone. The English sportsman imports foxes from the oontinont, and 
Grimalkin-like turns them loose in order that he may have the pleasure of 
chasing them afterwords. 

fThe horse and the ass were equally unknown to anoiont Egypt, and do not 
appear in the sculptures before the XV. and XYL dynasties. But even then, 
the horse was only known as a draught animal, and the only representation of 




88 ORIGIN AND TRANSFER OF DOMESTIC QUADRUPEDS. 


ginians until aftor the downfall of their commonwealth; and 
that his first appearance in Western Africa is more recent still. 
The Baetrian camel was certainly brought from Asia Minor to 
the Northern shores of the Black Sea, by the Goths, in the third 
or fourth century, and the buffalo first appeared in Italy about 
a.d. 600, though it is unknown whence or by whom ho was 
introduced.* The Arabian single-humped camel, or dromedary, 
has been carried to the Canary Islands, partially introduced 
into Australia, Greece, Spain, and even Tuscany, experimented 
upon to little purpose in Venezuela, and finally imported by 
the American Government into Texas and New Mexico, where 
it finds the climate and the vegetable products best suited to its 
wants, and promises to become a very useful agent in the pro¬ 
motion of the special civilization for which those regions are 
adapted. 

Quadrupeds, both domestic and wild, bear the privations 
and discomforts of long voyages better than would be sup¬ 
posed. The elephant, the giraffe, the rhinoceros, and even the 
hippopotamus, do not seem to suffer much at sea. Some of the 
camels imported by the U. S. government into Texas from the 
Crimea and Northern Africa were a whole year on shipboard. 
On the other hand, George Sand, in Uti ffiver au MiM, gives 
an amusing description of the sca-sickncss of swine in the short 
passage from the Balcares to Barcelona. 

America had no domestic quadruped but a species of dog, the 
lama tribe, and, to a certain extent, the bison or buffalo, f Of 

a horseman yet found in the Egyptian tombs is on the blado of a battle axe 
of uncertain origin and period. 

* Erdkunde , viii., Asicn, Ute Abthedung , pp. COO, 758. Hekn, Kuttonpjlamen , 
p. 843. 

f See Ohapter III., post ; also Humboldt, Ansiehtcu der Natur y i., p. 71. 
From tho anatomical character of the bones of the urus, or aucrochs, found 
among the relics of the lacustrine population of ancient Switzerland, and 
from other circumstances, it is inferred that thiB animal had beon domesti¬ 
cated by that people; and it is statod, I know not upon what authority, in 
Lo Alpi cho cingono ClUdu i, that it hod beon tamed by the Veneti also. See 
Ltsll, Antiquity of 2fan t pp. 24, 23, and tho last-named work, p. 480. This 
is a foot of much interest, beoause it is one of the very few hiotorioaUy known 
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course, it owes the horse, the as9, tho ox, the sheep, the goat, 
and the swine, as does also Australia, to European colonization. 
Modern Europe has, thus far, not accomplished much in tho 
way of importation of now animals, though 6omo interesting 
essays have been made. Tho reindeer was successfully intro¬ 
duced into Iceland about a century ago, while similar attempts 
failed, about the 6amo time, in Scotland. Tho Cashmere or 
Thibet goat was brought to Franee a generation since, and 
succeeds well. The 6amc or an allied species and tho Asiatic 
buffalo were carried to South Carolina about tho year 1850, 
and the former, at least, is thought likely to prove of perma¬ 
nent value in the United States.* Tho yak, or Tartary ox, 
seems to thrivo in Franco, and it is hoped that success will 
attend the present efforts to introduce tho South AinoricaD 
alpaca into Europe.f 

instances of the extinction of a domestio quadruped, and tho extremo im¬ 
probability of such an event gives somo countenance to tho thooiy of tho 
Idontity of tho domestic ox with, and it* descent from, the urus. 

* Tho goat introduced into South Carolina was brought from tho district of 
Angora, in Asia Minor, which has long been celebrated for llocks of this valu¬ 
able animal. It is calculated that more than a million of theso goats axe 
raised in that distinct, and it is commonly believed that tho Angora goat and its 
W'ool degenerate when transported. Probably this is only an invention of 
tho shepherds to prevent rivals from attempting to interfero with so profitable 
a monopoly. But if the popular prejudice has any foundation, the degene¬ 
racy is doubtless to be attributed to ignoranco of tho special treatment whioh 
long expcricnco has taught the Angora shepherds, and the consequent neglect 
of such precautions as aro necessary to tho proper caro of tho animal. 
Throughout nearly the whoip territory of tho United States tho success of the 
Angora goat is perfect, and it would undoubtedly thrive equally woll in Italy, 
though it is very doubtful whether in cithor country the value of its fleooe 
would compensate the damage it would do to tho woods. 

f The reproductive powers of animals, as well as of plants, scorn to bo some¬ 
times stimulated in an extraordinary way by transfer to a foreign dime. The 
common warron rabbit introduced by tho oaily colonists into tho island of 
Madeira multiplied to such a degroo as to threaten the extirpation of vegeta¬ 
tion, and in Australia tho same quadruped has become so numerous as to be 
a very serious evil. The colonists are obliged to employ professional rabbit- 
hunters, and one planter has enclosed his grounds by four miles of solid wall, 
at an expenso of $0,000, to protoot his crops against those ravagors,— lleoui 
da Eaux et 1870, p. 08. 
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According to the census of the United States for 1870,* the 
total number of horses in all the States of the American Union, 
was, in round numbers, 7,100,000; of asses and mules, 1,100,000; 
of the ox tribe, 25,000,000; of sheep, 28,000,000; and of 
swine, 25,000,000. The only indigenous North American 
quadruped sufficiently gregarious in habits, and sufficiently 
multiplied in numbers, to form really large herds, is tho bison, 
or, as he is commonly called in America, the buffalo; and 
this animal is confined to the prairie region of the Mississippi 
basin, a small part of British America, and Northern Mexico. 
The engineers sent out to survey railroad routes to the Pacific 
estimated the number of a single herd of bisons seen within 
the last fifteen years on the great plains near the Upper Mis¬ 
souri, at not less than 200,000, and yet the range occupied by 
this animal is now very much smaller in area than it was when 
the whites first established themselves on the prairies*! But it 
must be remarked that tho American buffalo is a migratory 
animal, and that, at the season of his anuual journeys, the whole 
stock of a vast extent of pasture-ground is collected into a single 
arm}’, which is scon at or very near any one point only for a 
few days during the entire season. Uence there is risk of great 

• In the enumeration of farm stock, 14 sucking 1 pigs, spring lambs, and 
oalves,” are omitted. I beliove they are inoluded in tho numbers reported by the 
census of 1800. Horses and homed cattle in towns and cities were excluded 
from both enumerations, the law providing for returns on these points from 
rural districts only. On the whole, there is a diminution in the number of idl 
farm stook, exoopt sheep, since 1800. This is ascribed by tho Report to the 
destruction of domestio quadrupeds daring the civil war, but this hardly ex¬ 
plains tho reduction in the number of swine from 80,000,000 in 1800 to 
85,000,000 in 1870. 

t “ About five mUos from oamp we asoended to the top of a high hill, and 
for a great distanoe ahead every square mUe seomed to have a herd of buffalo 
upon it. Their number was variously estimated by the members of the party; 
by some as high ns half a million. I do not think it any exaggeration to set 
it down at 200,000.”— Stevens’ a Narrative and Final Report* Reports of JCs- 
plorations and Burneye for Railroad to Pacific, vol. xii., book i., 1800. 

The next day the party fell In with a 11 buffalo trail,” whore at least 100,000 
were thought to have crossed a slough. 

As late aa 1868, Sheridan's party estimated the number of bisons seen by them 
in a single day at 800,000.— Sheridan's Troopers on the Border, 1808, p, 41. 
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error in estimating the numbers of the bison in a given district 
from the magnitude of the herds seen at or about the same 
time at a single place of observation ; and, upon the whole, it 
is neither proved nor probable that the bison was ever, at any 
one time, as numerous in North America as the domestic bovine 
species is at present. The elk, the mooso, the musk ox, the 
caribou, and the smaller quadrupeds popularly embraced under 
the general name of deer, though sufficient for the wants of a 
sparse savage population, wore never numerically very abun¬ 
dant, and the carnivora which fed upon thorn wore still less so. 
It is almost needless to add that the Rocky Mountain sheep and 
goat mu6t always have been vory raro. 

Summing up the whole, then, it is evident that the wild 
quadrupeds of North America, oven when most numerous, wore 
few compared with their domestic successors, that thoy roquirod 
a much less supply of vegetable food, and consequently wore 
far less important as geographical elements than the many 
millions of hoofed and horned cattle now fed by civilized man 
on the same continent. 

Extirpation of TTild Quadrupeds. 

Although man never fails greatly to diminish, and is perhaps 
destined ultimately to exterminate, such of the larger wild 
quadrupeds as he cannot profitably domesticate, yet their num¬ 
bers often fluctuate, and oven after they seem almost extinct, 
they sometimes suddenly increase, without any intentional steps 
to promote such a result on his part During the wars which 
followed the French Revolution, the wolf multiplied in many 
parts of Europe, partly bccauso the hunters wore withdrawn 
from the woods to chaso a nobler gamo, and partly bocauso the 
bodies of slain men and horses supplied this voracious quadru¬ 
ped with more abundant food.* The same animal became 

* During tho Into civil war in America, door and other animals of tho oho so 
multiplied rapidly in the rogions of Uio Southern States whioh wore partly 
depopulated and deprived of their sportsmen by tho military operations of tho 
contest, and the bear is said to have reappeared in districts whers hi hid not 
boon soon in tho memory of living mom 
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again more numerous in Poland after the general disarming of 
tlxo rural population by the Russian Government. On the 
other hand, when the hunters pursue the wolf, the graminivo¬ 
rous wild quadrupeds increase, and thus in turn promote the 
multiplication of their great four-footed destroyer by augment¬ 
ing the supply of his nourishment. So long as the fur of the 
beaver was extensively employed as a material for hats, it bore 
a very high price, and the chase of this quadruped was so keen 
that naturalists feared its speedy extinction. When a Parisian 
manufacturer invented the silk hat, which soon came into almost 
universal use, the demand for beavers’ fur fell oif, and this 
animal—whose habits are an important agency in the formar 
tion of bogs and other modifications of forest nature—im¬ 
mediately began to increase, reappeared in haunts which he 
had long abandoned, and can no longer bo regarded os rare 
enough to bo in immediate danger of extirpation. Thus the 
convenience or the caprice of Parisian fashion has uncousciously 
exercised an influence which may sensibly affect the physical 
geography of a distant continent. 

Since the invention of gunpowder, some quadrupeds have 
completely disappeared from many European and Asiatic 
countries where they wore formerly numerous. The last wolf 
was killed in Great Britain two hundred years ago, and the 
bear was extirpated from that island still earlier. The lion is 
believed to have inhabited Asia Minor and Syria, and probably 
Greece and Sicily also, long after the commencement of the 
historical period, and he is even said to have been not yet ex¬ 
tinct in the first-named two of these countries at the time of 
the first Crusade.* 

The British wild ox is extinct except in a few English and 


* In maintaining the recent existence of the lion in the ocuntrioe named in 
tlio text, naturalists have, perhaps, laid too muoh weight on the frequent 
ooourrtnoe of representations of this animal in soulptures apparently of a his¬ 
torical character. It wUl not do to ar^ue, twenty oenturies hence, that the 
lion and the nnioom were oommon in Great Britain la Queen Victoria's time, 
because they are often seen “ fighting for the orown ” in the carvings and 
paintings of that period. Many paleontologists, however, identify the great 
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Scottish parks, while in Irish bogs of no great apparent 
antiquity are found antlers which testify to the former exist¬ 
ence of a stag much larger than any extant European species. 
Two largo graminivorous or browsing quadrupeds, the ur and 
the schclk, onco common in Germany, have been utterly extir¬ 
pated, tlio eland and the auerochs nearly so. The Nibelungen- 
Licd, which, in the oldest form preserved to us, dates from 
about the year 1200, though its original composition no doubt 
belongs to an earlier period, thus sings: 

£1 )cn dome tfjc boujjjijtic Sijjfrib a uristnt anb an ilk, 

igc emote four otoute nroxen anb a grim anb eturbic ocljclk.* 

Modem naturalists identify the elk with the eland, tho wisont 
with the auerochs. Tho period when the ur and the schelk be¬ 
came extinct is not known. Tho auerochs survived in Prussia 
until the middle of the last century, but unless it is identical 
with a similar quadruped said to bo found on tho Caucasus, it 
now exists only in the Russian imperial forest of Bialowitz 
where about a thousand are still preserved, and in somo great 
menageries, as for example that at Schbnbrunn, near Vionna, 
which, in 1S52, had four specimens. Tho eland, which is 
closely allied to tho American wapiti if not specifically tho 
same animal, is still kept in tho royal preserves of Prussia, to 
tho number of four or five hundred individuals. Tho chamois 


cat-like animal, whose skeletons are frequently found in British bone-oaves, 
with the lion of onr times. 

The leopard (pantfora ), though already growing scarce, was found in Cilicia 
in Cicero’s time. See his letter to C<bUub, EpUt. ad DUmot, Lib. IL, Ep. II. 

* Dar nadi olnogcr odjicre, cittctt wisent nnbe eld). 

Starker nre nitre, nnt einen grimmen edjddj. 

XVL Avcntiun. 

The testimony of the Nibdungen*L\cd is not conclusive evidence that these 
quadrupeds existed in Germany at the time of tho composition of that poom. 
It proves too much; for, a fow lines above thoso just quoted, Sigfrid is said to 
a&ve killed a lion, on animal whioh the moss patriotio Teuton will hardly 
claim os o denixen of medtoval Germany. 
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is becoming rare, and the ibex or stcinbock, once common in 
all the high Alps, is now bolieved to bo confined to tho Cogne 
mountains in Piedmont, between the valleys of the Dora 
Baltea and tho Oreo, though it is said that a few still linger 
about the Grandes Jora6ses near Cormayeur. 

Tho chase, which in early stages of human life was a neces¬ 
sity, has become with advancing civilization not merely a 
passion but a dilettanteism, and the cruel records of this 
pastime are among the most discreditable pages in modem 
literature. It is true that in India and other tropical countries, 
tho number and ferocity of tho wild beasts not only justify 
but command a war of extermination against them, but the 
indiscriminate slaughter of many quadrupeds which are 
favorite objects of tho chaso can urge no such apology. Late 
official reports from India state the number of human 
victims of the tiger, tho leopard, tho wolf and other beasts of 
prey, in ten “ districts,” at more than twelve thousand within 
three years, and we are informed on like authority that within 
tho last six years moro than ten thousand men, women, and 
children have perished in the same way in the Presidency of 
Bengal alone. One tiger, wo are told, had killed moro than a 
hundred people, and finally stopped the travel on an important 
road, and another had caused the desertion of thirteen villages 
and thrown 250 square miles out of cultivation. In such facts 
we find abundant justification of the slaying of seven thousand 
tigers, nearly six thousand leopards, and twenty-five hundred 
other ravenous beasts in tho Bengal Presidency, in the space 
of half a dozen years. But the humane reader will not think 
the value of the flesh, tho skin, and other less important 
products of inoffensive quadrupeds a satisfactory excuse for 
the ravages committed upon them by amateur sportsmen as 
well as by professional hunters. In 1861, it was computed that 
the supply of the English market with ivory cost the lives 
of 8,000 elephants. Others make the number much larger, 
and it is said that half as much ivory is consumed in the United 
States as in Great Britain. In Ceylon, where the elephants 
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are numerous and destructive to tlie crops, as well a9 dangerous 
to travellor 0 y while their tusks are small and of comparatively 
little value, the government pays a 6mall reward for killing 
them. According to Sir Emerson Tennant, # in three years 
prior to 1848, the premium was paid for 8,500 elephants in a 
part of the northern district, and between 1851 and 1S5C for 
2,000 in the southern district. Major Rogers, famous as an 
elephant shooter in Ceylon, ceased to count his victims after he 
had slain 1,300, and Camming in South Africa sacrificed his 
hecatombs every month. 

In spite of the rarity of the chamois, his cautious shyness, and 
the comparative inaccessibility of his favorite haunts, Colnni 
of Pontrcsina, who died in 1S37, had killed not less than 2,000 
of theso animals; Kiing, who is still living in the Upper Enga- 
dinc, 1,500; Ilitz, 1,300, and Zwicliian equal number; Soldani 
shot 1,100 or 1,200 in the mountains which enclose the Val 
Brcgaglia, and there are many living hunters who can boast of 
having killed from 500 to S00 of those interesting quadrupeds, f 

In America, the chase of the larger quadrupeds is not less 
destructive. In a late number of the American Naturalist , 
the present annual slaughter of the bison i9 calculated at the 
enormous number of 500,000, and the elk, tho moose, the cari¬ 
bou, and tho more familiar species of deer furnish, perhaps, as 
many victims. Tho most fortunate deer-hunter I liavo person¬ 
ally known in New England had killed but 9G0; but in the 
northern part of tho State of New York, a single sportsman is 
said to have shot 1,500, and this number has been doubtless 
exceeded by zealous Nimrods of tho West. 

But so far as numbers are concerned, tho statistics of tho fur- 
trade furnish the most surprising insults. Russia sends annu- 


* Natural Bittory of Ceylon , chap. iv. 

t Although it is only in the severest cold of winter that the chamois descend* 
to the vicinity of grounds oocupiod by man, its organization does not oonfine 
it to the mountains. In the royal park of Bacconigi, on the plain a few miles 
from Turin, at a height of leas than 1,000 feet, is kept a herd of thirty or 
forty chamois, which thrive and breed apparently as well as in the Alps. 



00 


MARINE AKIMAL8 UNIMPORTANT IN OEOORAPUr. 


ally to foreign markets not less than 20,000,000 squirrel skins, 
Great Britain has sometimes imported from South America 
C00.000 nutria skins in a year. The Leipzig market receives 
annually nearly 200,000 ermine, and the Hudson Bay Company 
is said to have occasionally burnt 20,000 ermine skins in order 
that the market might not be overstocked. 

Of course natural reproduction cannot keep pace with this 
enormous destruction, and many animals of much interest to 
natural science are in imminent danger of final extirpation.* 

Large Marine Animals relatively unimportant in Geography. 

Vast as is the bulk of some of the higher orders of aquatic 
animals, their remains are generally so perishable that, oven 
whore most abundant, they do not appear to be now forming 
permanent deposits of any considerable magnitude; but it is 
quite otherwise with shell-fish, and, as we shall see hereafter, 
with many of the minute lime workers of the 6ea. There are, 
on the southern coast of the United States, beds of shells so 
extensive that they were formerly sup]x>scd to have been 
naturally accumulated, and were appealed to as proofs of an 
elevation of the coast by geological causes; but they are now 
ascertained to have been derived chiefly from oysters and other 
shell-fish, consumed in the course of long ages by the inhabitants 
of Indian towns. Tho planting of a bed of oysters in a new 
locality might very probably lead, in time, to the formation of 
a bank, which, in connection with other deposits, might per¬ 
ceptibly affect tho line of a coast, or, by changing tho course of 
marine currents, or the outlet of a river, produce geographical 
changes of no small importance. 

* Objectionable as game laws are, they have done something to prevent the 
extinction of many quadrupeds, whioh naturalists would be loth to lose, and, 
as in the oase of the British ox, private parks and preserves have saved other 
speoies from destruction. Some few wild animals, suoh os the Amorioan mink, 
for example, have been protected and bred with profit, and in Pennsylvania 
on association of gentlemen has set apart, and is about enclosing, a pork of 
16,000 acres for the breeding of indigenous quadrupeds and fowls. 
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Introduction and Breeding of Fish . 

Tlio introduction and successful breeding of fish or torcign 
Bpccics appears to have boon long practised in China, and was 
not unknown to the Greeks and Romans.* This art has been 
revived in modem times, but thus far without any important 
results, economical or physical, though tlicro seems to bo g“<xl 
reason to believe it may bo employed with advantage on an 
extended scale. As in the case of plants, man has sometimes 
undcsigncdly introduced now species of aquatic animals into 
countries distant from their birtliplaco. The accidental escape 
of the Chinese goldfish from ponds wliero they were bred as a 
garden ornament, lias peopled soino European, and it is said 
American streams with this species. Canals of navigation and 
irrigation interchange the fish of lakes and rivers widely sepa¬ 
rated by natural barriers, as well as the plants which drp 
their 6ecds into the waters. The Erie Canal, as measured by 
its own channel, has a length of about three hundred and sixty 
miles, and it has ascending and descending locks in both direc¬ 
tions. By this route, the fresh-water fish of tho Hudson and 
the Upper Lakes, and some of tlio indigenous vegetables of 
these respective basins, have intermixed, and tho fauna and 
flora of the two regions have now more species common to both 
than before the canal was opened.f Tho opening of tho Suez 
Canal will, no doubt, produce very interesting revolutions in 
tho animal and vegetable population of both basins. The 
Mediterranean, with some local exceptions—such as tho bays of 
Calabria, and tho coast of Sicily so picturesquely described by 

* The observations of Columella, de lie Ituotica , lib. viii., sixteenth and 
following 1 chapters, on fish-breeding;, are interesting;. Tho Romans not only 
stocked natural but constructed artificial ponds, of both frosli and salt water, 
and cut oil bays of tbo sea for this purpose. They also naturalisod various 
species of sea-fish in fresh water. 

f Tho opening or rather the rooonstruotion of the Clandian emissary by 
Prinoo Torlonla, designed to drain the Lake Fuoinus, or Celano, has introduoed 
the fish of that lake into tho Lirl or Garigliano which receives tho disohar^e 
from the lake.—Do rote a, Sonvmrio stories <kW AUeutiea , p. 00. 
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Quatrefages*—is comparatively poor in marine vegetation, 
and in shell as well as in fin fish. The scarcity of fish in some 
of its gulfs is proverbial, and you may scrutinize long stretches 
of beach on its northern shores, after every south wind for a 
whole winter, without finding a dozen shells to reward your 
search. But no one who has not looked down into tropical or 
subtropical seas can conceive the amazing wealth of the Bed 
Sea in organic life. Its bottom is carpeted or paved with 
marine plants, with zoophytes and with shells, while its waters 
are teeming with infinitely varied forms of moving life. Most 
of its vegetables and its animals, no doubt, are confined by the 
laws of their organization to a warmer temperature than that of 
the Mediterranean, but among them there must bo many whose 
habitat is of a wider range, many whose powers of accommo¬ 
dation would enable them to acclimate themselves in a colder 
sea. 

We may suppose the less numerous aquatic fauna and flora 
of the Mediterranean to bo equally capable of climatic adapta¬ 
tion, and hence there will bo a partial interchange of the 
organic population not already common to both 6eas. De¬ 
structive species, thus newly introduced, may diminish the 
numbers of their proper prey in either basin, and, on the other 
hand, the increased supply of appropriate food may greatly 
multiply the abundance of others, and at the same time add 
important contributions to the aliment of man in the countries 
bordering on the Mediterranean.*)* 

Some accidental attraction not unfrequcntlv induces fish to 
follow a vessol for days in succession, and they may thus be 
enticed into zones very distant from their native habitat 
Several years ago, I was told at Constantinople, upon good 
authority, that a couple of fish, of a species wholly unknown to 

* Souvenirs (Tun Naturalist*, l, pp. 204 et segg. 

f The dissolution of the salts in the bed of the Bitter Lakes impregnated the 
water admitted from the Rod Sea so highly that for some timo fish were not 
•oen in that basin. The flow of the onrrent through the canal hoe now re* 
duoed the proportion of saline matter to Are per oent, and late trarellexs 
speak of flak as abundant in its waters. 
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the natives, had just been taken in the Bosphorus. They were 
alleged to have followed an English 6kip from the Thames, and 
to have been frequently observed by the crow during the pas¬ 
sage ; but I was unable to learn their specific character.* 

Many of the fish which pass the greater part of the year in 
salt water spawn in fresh, and some fresh-water species, the 
common brook-trout of Now England for instance, which under 
ordinary circumstances never visit the sea, will, if transferred 
to brooks emptying directly into the ocean, go down into the 
salt water after spawning-time, and return again the next 
season. Some sea fish have been naturalized in fresh water, 
and naturalists have argued from the character of the fish of 
Lake Baikal, and especially from the existence of tho seal in 
that locality, that all its inhabitants were originally marine 
species, and havo changed their lmhits with the gradual con¬ 
version of the saline waters of tho lake—once, as is assumed, 
a maritime bay—into fresh, f Tho prcscnco of tho seal is hardly 
conclusive on this point, for it is sometimes seen in Lake Cham¬ 
plain at tho distance of some hundreds of miles from oven brack¬ 
ish water. One of these animals was killed on tho ice in that lake 
in February, 1810, another in February, 1S4G,J and remains 
of tho seal havo been found at other times in tho same waters. 

The intentional naturalization of foreign fish, as I have said, 
has not thus far yielded important fruits; but though this par- 

* Seven or eight years ago, tho Italian government Imported from France 
a dredging machine for uso in the harbor of La Spozio. Tho dredge brought 
attached to its hull a shell-fUh not known in Italian waters. Tho mollusk, 
finding tho local circumstanoes favorable, established itself in this new habitat, 
multiplied rapidly, and is now found almost everywhere on the west ooast of 
the Peninsula. 

t Badinet, timla et Lecture #, it, pp. 10$, 110. 

i Thompson, Natural Ifistory of Vermont , p. 3$, and Appendix, p. 18. 
Thoro is no reason to boliove that the seal breeds in Lake Champlain, but tho 
individual last taken there must have been some weeks, at least, in its waters. 
It was ldllod on the ice in tho widest part of the loko, on tho 23d of February, 
thirteen days aftor tho surface was entiroly frozen, except the usual small 
oraoks, and a month or two after the ioe o lo sed at all points north of tho plooo 
where tho oeel woe found. 
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ticular branch of what is called, not very happily, pisciculture, 
lias not yet established its claims to the attention of tho physi- 
cal geographer or the political economist, the artificial 'breed' 
ing of domestic fish, of the lobster and other Crustacea, has 
already produced very valuable results, and is apparently des¬ 
tined to occupy an extremely conspicuous place in the history 
of man’s efforts to compensate his prodigal waste of the gifts of 
uature. The arrangements for breeding fish in the Venetian 
lagoon of Comacchio date far back in the Middle Ages, but the 
example does not seem to have been followed elsewhere in 
Europe at that period, except in small ponds whore tho pro¬ 
pagation of the fish was left to nature without much artificial 
aid. The transplantation of oysters to artificial ponds has 
long been common, and it appears to have recently succeeded 
well on a large scale in the open sea on the French coast. A 
great extension of this fishery is hopod for, and it is now pro¬ 
posed to introduce upon tho same coast the American soft 
clam, which is so abundant in the tide-washed beach sa 'ds of 
Long Island Sound as to form an important articlo in tho diet 
of the neighboring population. Experimental pisciculture has 
been highly successful in the United States, and will probably 
soon become a regular branch of rural industry, especially as 
Congress, at the session of 1871-2, made liberal provision for 
its promotion. 

The restoration of the primitive abundance of salt and fresh 
water fish, is perhaps the greatest material benefit that, with 
our present physical resources, governments can hope to confer 
upon their subjects. The rivers, lakes, and seacoasts once 
restocked, and protected by law from exhaustion by taking fish 
at improper seasons, by destructive methods, and in extravagant 
quantities, would continue indefinitely to furnish a very largo 
supply of most healthful food, which, unlike all domestic 
and agricultural products, would spontaneously renew itself 
and cost nothing but the taking. There are many sterile or 
womout soils in Europe so situated that they might, at no very 
formidable cost, be converted into permanent lakes, which 
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would serve not only as reservoirs to retain the water of winter 
rains and snow, and give it out in the dry season for irrigation, 
but as breeding ponds for fish, and would thus, without further 
cost, yield a larger supply of human food than can at present 
be obtained from them even at a great expenditure of capital 
and labor in agricultural operations.* The additions which 
might be made to the nutriment of the civilized world by a 
judicious administration of the resources of the waters, would 
allow some rertriction of the amount of soil at prosont om* 
ployed for agricultural purposes, and a corresponding extension 
of the area of the forest, and would thus facilitate a return to 
primitive geographical arrangements which it is important par¬ 
tially to restore. 


Destruction of Fish. 

Tho inhabitants of the wators scorn comparatively secure from 
human pursuit or interference by tho inaccessibility of thoir 
retreats, and by our ignoranco of their habits—a natural result 
of tho difficulty of observing tho ways of creatures living in a 
medium in which wo cannot exist. Iluman agency has, never¬ 
theless, both directly and incidentally, produced great changes 
in tho population of tho sea, tho lakes, and the rivers, and if 
the effects of such revolutions in aquatic life are apparently of 
6mall importance in general geography, they are still not wholly 
inappreciable. Tho great diminution in tho abundanco of the 
larger fish employed for food or pursued for products useful 
in tho arts is familiar, and when we consider how tho vegeta¬ 
ble and animal life on which they feed must bo effected by the 
reduction of their numbers, it is easy to see that their destruc¬ 
tion may involve considerable modifications in many of the 
material arrangements of naturo. The whale f does not appear 
to have been an object of pursuit by tho ancients, for any pur- 

* See Ackerhof, DU Nuttung dor Seid U vnd Gcwaosor, Quodlinburg, I860. 

f I use itfiaU not in a technical sense, bat as a gonerio term far all the 
large Inhabitants of the sea popularly grouped under that name. 

The Greek seres and the Latin Batons, though sometimes, especially In 
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pose, nor do we know when the whalo fishery first commenced. 
It was, however, very actively prosecuted in the Middle Ages, 
and the Biscayans seem to have been particularly successful 
in this as indeed in other branches of nautical industry.* Five 
hundred years ago, whales abounded in every sea. They long 
since became 60 rare in the Mediterranean as not to afford en¬ 
couragement for the fishery os a regular occupation; and the 
great demand for oil and whalebone for mechanical and manu¬ 
facturing purposes, in the present century, has stimulated the 
pursuit of the u hugest of living creatures ” to such activity, that 
he has now almost wholly disappeared from many favorite fish- 
ing grounds, and in others is greatly diminished in numbers. 

later classical writers, specifically appllod to truo cetaceans, were generally 
much more comprehensive in their signification than the modem word whale. 
This appears abundantly from the enumeration of the marine animals em¬ 
braced by Oppian under the name *#ror, in the first book of the Halioutica. 

There is some confusion in Oppian’s account of the flshory of the Hrjrot in 
the fifth book of the Halieutica. Part of it is probably to be understood of 
octaoeans which havo grounded , as some spocios often do; but in gonoral it 
evidently applies to the taking of large fish—sharks, for example, as appears 
by the description of the teeth—with hook and bait. 

• From the narrative of Ohther, introduced by King Alfred into his transla¬ 
tion of Orosius, it is dear that the Northmen pursued the whale fishery in the 
ninth century, and it appears, both from the poem called The Whale, in the 
Codex Exoniensis, and from the dialogue with the fisherman in . *e Colloquies 
of Aelfrio, that the Anglo-Saxons followed this dangerous chase at a period 
not much later. I am not aware of any evidence to show that any of the 
Latin nations engaged in this fishery until a century or two afterward, though 
it may not be easy to disprove their earUer participation in it In medieval 
literature, Latin and Homance, very frequent mention is made ot a species of 
vessel called in Latin baleneria , balcnerium, balcncriu *, balaneria , eta; in 
Caialan, bnlsner; in Frenoh, balenier; all of whioh words occur in many 
other forms. The most obvious etymology of these words would suggest the 
meaning, t whaler, balcinier; but some have supposed that the name was de¬ 
scriptive of the great size of the ships, and others have referred it to a differ¬ 
ent root From the fourteenth oentury, the word occurs oftener, perhaps, 
in old Catalan, than in any other language; but Capmany does not notice the 
whale fishery as one of the maritime pursuits of the very enterprising Catalan 
people, nor do I find aqy of the products of the whale mentioned in the old 
Catalan tariffs. The whaUbon* of the medieval writers, which is described os 
very white, is doubtless the ivory of the walrus or of the narwhole. 
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What special functions, besides his uses to man, are assigned 
to the whale in the economy of nature, wo do not know; but 
6 omo considerations, suggested by tho character of the food upon 
which certain species subsist, deservo to bo specially noticed. 
None of tho great maminals grouped under the general name of 
whale are rapacious. They all live upon small organisms, and 
the most numerous species feed almost wholly upon tho soft 
gelatinous mollusks in which tho sea abounds in all latitudes. 
We cannot calculate even approximately tho number of tho 
whales, or the quantity of organic nutriment consumed by an 
individual, and of course wo can form no estimate of tho total 
amount of animal matter withdrawn by them, in a given period, 
from tho waters of tho sea. It is certain, however, that it must 
have been enormous when they were more abundant, and that 
it is still very considerable. In 1S4C tho United States had six 
hundred and seventy-eight whaling ships chioily employed in 
tho Pacific, and the product of tho American whale fishery for 
tho year ending June 1st, lSdO, was seven millions and a half 
of dollar*.* Tho mcro bulk of tho whales destroyed in a single 


* In conftcquence of the great scarcity of tho whalo, tho uso of coal-gas for 
illumination, tho substitution of other fatty and oleaginous substanoos, such 
os lard, palm-oil. and petroleum for right-whale oil and *pormacoti, tho whale 
fishery has rapidly fallen off within a few years. Tho groat supply of pctroloum, 
which is much used for lubricating machinery as well ns for numerous othor 
purposes, has produced a moro pcrccptiblo effect on tho whalo fishory than 
any other single circurostnnco. According to Bigelow, Lf* fitaU-Uhi* a\ 18(13, 
p. 840, the American whaling licet was diminished by 20 in 1858, 57 in 1800, 
04 in 1SU1, and 05 in 1802. The number of American ships omployod in that 
fishery in 1802 was 853. In 1808, tho American whaling licet was roducod to 
223. The product of tho whalo fishery in that year was 1,485,000 gallons of 
sperm oil, 2,005,012 gallons of train oil, and 001,000 pounds of wbalobono. The 
yield of the two species of whalo is about the same, being estimated at from 
4,000 to 5,000 gallons for each fish. Taking the average at 4,500 gallons, the 
American whalers must have captured 780 whales, besides, doubtloss, many 
which wero killed or mortaUy wounded and not scoured. Tho returns for the 
year are valued at about five million and a half dollars. Mr. Cutts, from a 
report by whom most of the above foots are taken, estimates the annual value 
of the ** products of the sea' 1 at $00,000,000. 

According to the New Bedford Standard, the Amerioan whalers numbered 
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year by the American and tho European vessels engaged in 
this fishery would form au island of no inconsiderable dimen¬ 
sions, and each one of those taken must have consumed, in the 
course of his growth, many times his own weight of mollusks. 
The destruction of the whales must have been followed by a 
proportional increase of the organisms they feed upon, and if we 
had tho means of comparing the statistics of these humble forms 
of life, for even so short a period as that between tho years 
1700 and 1860, we should find a difference possibly sufficient 
to suggest an explanation of some phenomena at present unac¬ 
counted for. 

For instance, as I have observed in another work,* tho phos¬ 
phorescence of the sea was unknown to ancient writers, or at 
least scarcely noticed by them, and even Homer—who, blind 
as tradition makes him when ho composed his epics, had seen, 
and marked, in earlier life, all that the glorious nature of the 
Mediterranean and its coasts discloses to unscientific observa¬ 
tion—nowhere alludes to this most beautiful and striking of 
maritime wonders. In tho passage just referred to, I have 
endeavored to explain the Bilence of ancient writers with re¬ 
spect to this as well as other remarkable phenomena on psycho¬ 
logical grounds; but is it not possible that, in modern times, 
tho animalcules which produce it may have immensely multi¬ 
plied, from the destruction of their natural enemies by man, 
and hence that the gleam shot forth by their decomposition, or 
by their living processes, is both more frequent and more bril¬ 
liant than in the days of classic antiquity ? 


723, measuring 230,218 tons, in 1840. On the 81st December, 1872, the num¬ 
ber was reduced to 204, with a tonnage of 47,787 tons, and the importation 
of whale and sperm oil amounted in that year to 79,000 barrels. 

Svend Foyn, an energetio Norwegian, now carries on the whale fishery in 
the Arctic Ocean in a steamer of 20 horse-power, aooompanied by freight- 
ships for the oiL The whales are kiUed by explosive shells fired from a small 
oannon. The number usually killed by Foyn is from 85 to 45 per year. — TVis 
Commerce in the Product* of tho Sea , a report by CoL R. D. Cutts, communi¬ 
cated to the U. 8. Senate. Washington, 1872. 

* The Origin and Hittorg of the JEnglish Language, &o», pp. 428, 424. 
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Although the whale does not pvoy upon smaller creatures 
resembling himself in form and habits, yet true fishes are 
extremely voracious, and almost every tribe devours unspar¬ 
ingly the feebler species, and even the spawn and young of its 
own.* Tho enormous destruction of the shark,f tho pike, the 
trout family, and other ravenous fish, as well as of tho fishing 
birds, tho 6eal, and the otter, by man, would naturally have 
occasioned a great increase in tho weaker and moro defenceless 
fish on which they feed, had ho not been as hostile to them also 
as to their persecutors. 

Destruction of Aquatic Animals . 

It docs not seem probable that man, with all his rapacity 
and all his enginery, will succeed in totally extirpating any 
salt-water fish, but ho has already exterminated at least one 
marine warm-blooded animal—Stcller’s sea cow—and tho 
walrus, tho sea lion, and other largo amphibia, as well as tho 
principal fishing quadrupeds, are in imminent dangor of ex¬ 
tinction. Stoller’s sea cow, Rhythm Stiller i } was first 6ccn by 
Europeans in the year 1741, on Bering’s Island. It was a 
huge amphibious mammal, weighing not less than eight thou¬ 
sand pounds, and appears to have been confined exclusively to 
tho islands and coasts in tho neighborhood of Bering’s Strait. 
Its flesh was very palatable, and tho localities it frequented 
were easily accessible from tho Bussian establishments in 
Kamtsclmtka. As soon as its existence and character, and tho 


* Two young pickerel, Gystc* fa*cUitui % five inches long, ate 128 minnows, 
an inch long, the fimt day they were fed, 1I>2 tho second, and 150 the third. 
—Fifth lifi>ort of ConanUtioncn of MawidiUtclU for Introduction of FUh, 
1871. p. 17. 

f Tho shark is pursued in all the tropical and subtropical seas for its fins— 
for which there is a groat demand in China as an article of diet—its oil and 
other products. About 40,000 are token annually in the Indian Ocoan and the 
contiguous seas. In the North Sea and the Arctic Ocoan large numbers are 
anuually caught Soe Mkrk, Wiarcnlcxikon —a work of great aoouraoy and 
value ^Leipzig, 1870), article Uaifaclu 
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abundance of fur animals in the same waters, were mado 
known to the occupants of those posts by the return of the 
survivors of Bering’s expedition, so active a chase was com¬ 
menced against the amphibia of that region, that, in the courso 
of twenty-seven years, the sea cow, described by Steller as 
extremely numerous in 1741, is believed to have been com¬ 
pletely extirpated, not a single individual having been scon 
since the year 1768. The various tribes of seals* in the 
Northern and Southern Pacific, the walrus f and the sea otter, 
are already 60 reduced in numbers that they seem destined soon 
to follow the sea cow, unless protected by legislation stringent 
enough, and a police energetic enough, to repress the ardent 
cupidity of their pursuers. 

The seals, the otter tribe, and many other amphibia which 
feed almost exclusively upon fish, are extremely voracious, and 
of course their destruction or numerical reduction must have 
favored tho multiplication of the species of fish principally 
preyed upon by them. I have been assured by the keeper of 
several young seals that, if supplied at frequent intervals, each 
seal would devour not less than fourteen pounds of fish, or 
about a quarter of his own weight, in a day. A very intelli¬ 
gent and observing hunter, who has passed a great part of his 
life in the forest, after carefully watching the habits of the 
fresh-water otter of the North American States, estimates their 
consumption of fish at about four pounds per day. 

Man has promoted the multiplication of fish by making war 

* The most valuable variety of fur seal, formerly abundant in all cold lati¬ 
tudes, is stated to have been completely exterminated in the Southern hemi¬ 
sphere, and to be now found only on one or two small islands of the Aleutian 
group. In' 1807 more than 700,000 seal skins were imported into Great 
Britain, and at least 000,000 seals are estimated to have been taken in 1870. 
These numbers do not inolude the seals killed by the Esquimaux and other 
rude tribes. 

f In 1808, a few American ship# engaged in the North Pooifio whale fishery 
turned their attention to the walrus, and took from 200 to 000 each. In I860 
other whalers engaged In the same pursuit, and in 1870 the Amorioan floot 
is believed to have destroyed not less than fifty thousand of these animals. 
They yield about twenty gallons of oil and four or five pounds of ivory eaoh. 
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on their brute enemies, but he has by no means thereby com¬ 
pensated his own greater destructiveness.* The bird and bca6t 
of prey, whether on land or in the water, hunt only os long as 
they feel the stimulus of hunger, their ravages are limited by 
the demands of present appetite, and they do not wastefully 
destroy what they cannot consume. Man, on the contrary, 
angles to-day that ho may dine to-morrow; ho takes and dries 
millions of fish on the banks of Newfoundland and the coast of 
Norway, that the fervent Catholic of the shores of the Mediter¬ 
ranean may have wherewithal to satisfy tho cravings of the 
stomach during next year’s Lent, without violating tho disci¬ 
pline of the papal church ;f and all tho arrangements of his 
fisheries are so organized as to involve the destruction of many 

* According to Hartwig, the United Provinces of HoUand had, in 1018, 
three thousand herring busses, and nine thousand vcssols ongnged in tho trans¬ 
port of these fish to market The whole number of persons employed in tho 
Dutoh herring fishery was computed at 200,000. 

In tho latter part of tho eighteenth century, this finhoiy was most success¬ 
fully prosecuted by the Swedes, and in 1781, tho town of Gottonburg alone 
exported 130,040 barrels, each containing 1,200 herrings, making a total of 
About 104,000,000 ; but so rapid was tho exhaustion of tho fish, from this keon 
pursuit, that in 1700 it was found necessary to prohibit the exportation of 
them altogether .—Das Lcbcn dcs Metres, p. 182. 

In 1803, tho British Qshorios produced 000,000 barrels, or almost enough to 
supply a fish to every human inhabitant of thu globo. 

On*tho shores of Long Island Sound, the white fish, a species of herring too 
bony to be easily eaten, is usod as manure in very great quantities. Ten 
thousand are employed as a dressing for an aero, and a single net has some¬ 
times taken 200,000 in a day.— D\vigiit’b Travels, ii., pp. 512, 515. 

Tho London Times of May 11, 1872, informs us that 1,100 tons of mackerel 
estimated to weigh ono pound each had recently been taken in a singlo night 
at a fishing station on the British coast. 

About ton million eels aro sold anuually in Billingsgate market, but vastly 
greater numbers of tbe young fry, whou but threo or four inches long, are 
taken. So abundant are they at tho mouths of many French and Knglish 
rivers, that they are carried into tho country by oart-loads, and not only 
eaten, but givon to swine or usod as manure. 

f The fisheries of Sioily alone arc said to yield 20,000 tons of tunny a year. 
The tunny is principally consumed in Italy during Lent, and a large propor¬ 
tion of tho twenty millions of codfish taken annually at the Lofoden fishery 
on the ooost of Norway is exported to the Mediterranean. 
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more fish than are secured for human use, and the loss of a 
largo proportion of tho annual harvest of the sea in the process 
of curing, or in transportation to the places of its consumption.* 

Fish are more affected than quadrupeds by slight- and even 
imperceptible differences in their breeding places and feeding 
grounds. Every river, every brook, every lake stamps a special 
character upon its salmon, its shad, and its trout, which is at 
once recognized by those who deal in or consume them. No 
skill can give tho fish fattened by food solccted and prepared 
by man the flavor of those which, are nourished at tho table of 
nature, and the trout of the artificial ponds in Gormany and 
Switzerland are so inferior to the brook-fish of the same species 
and climate, that it is hard to believe them ideutioal. The 
superior sapidity of tho American trout and other fresh-water 
fishes to the most nearly corresponding European species, which 
is familiar to every one acquainted with both continents, is 
probably due less to specific difference than to tho fact that, 
even in the parts of the New World which have been longest 
cultivated, wild nature is not yet tamed down to tho character 
it has assumed in tho Old, and which it will acquire in America 
also when her civilization shall be as ancient as is now that of 
Europo.f 

* According to Berthelob, in tho Gulf of Lyons, between Marseilles and tbs 
easternmost spur of the Pyrenees, about 0,000,000 smaU fish are taken an¬ 
nually with the drag-net, and not less than twice as many more, not to speak 
of spawn, are destroyed by the use of this not 

Between 1801 and 1800 France imported from Norway, for use as bait in 
tho sardine fishery, cod-roes to the value of threo miUion francs.— Outt8, 
Report on Commerce in tho Product* of the Sea , 1872, p. 83. 

The most reokless waste of aquatio life I remember to have seen noticed, if 
we except the destruction of herring and other fish with spawn, is that of the 
eggs of the turtle in the Amazon for the soke of the oil extraoted from them. 
Bates estimates the eggs thus annually saarifioed at 48,000,000 .-^JftUuralirt on 
tho Amazon , 3d edition, 1804, p, 805. 

t It is possible that time may modify the habits of the fresh-wator fisli of 
the North Amerioan States, and aooommodate them to the new physical con¬ 
ditions of their native waters. Henoe it may bo hoped that nature, even un¬ 
aided by art, wUl do something towards restoring the anoient plenty of our 
lakes and rivers. The decrease of our fresh-wator fish oannot bo ascribed 
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Man has hitherto hardly anywhere produced such climatic 
or other changes as would suffice of themselves totally to banish 
the wild inhabitants of the dry land, and the disappearance of 
the native birds and quadrupeds from particular localities is to 
be ascribed quite as much to his direct persecutions as to tho 
want of forest shelter, of appropriate food, or of other condi¬ 
tions indispensable to their existence. But almost all tho pro 
cesses of agriculture, and of mechanical and chemical industry, 
are fatally destructive to aquatic animals within reach of thoir 
influence. When, in consequence of clearing tho woods, tho 
changes already described as thereby produced in tho beds and 
currents of rivers, are in progress, tho spawning grounds of fish 
aro exposed from year to year to a succession of mechanical dis¬ 
turbances ; tho tomporaturo of tho water is higher in summor, 
colder in winter, than when it was shaded and protoctod by 
wood ; tho smaller organisms, which formed tho sustonunco of 
tho young fry, disappear or aro reduced in nnmbors, and now 
enemies aro added to tho old foes that preyed upon thorn; tho 
increased turbidness of tho water in tho annual inundations 
chokes tho fish; and, finally, tho quickened volocity of its 
current sweeps them down into tho largor rivers or into tho 
sea, beforo they are yot strong enough to support so great a 
change of circumstances.^ Industrial operations aro not less 


alone to exhaustion by fishing, for in tho wators of tho valloys and flanks of 
tho Alps, which havo boon inhabitod and finhod ton tlmos as long by a Uousor 
population, flub aro stiU very abundant, and thoy thrivo and multiply under 
circum8tanocs whore no American spocics could live at all. On tho southom 
slop© of those mountains, trout aro caught in groat numbers, in tho swift 
streams which rush from the glaciers, and whero tho water is of ioy coldness, 
and so turbid with particles of fimvground rook, that you oanuot soo an inch 
below the surfaoe. Tho glacier streams of Switzerland, however, aro less 
abundant in fish. 

* A foot mentioned by Schubert—and which in its oausos and many of its 
results corresponds almost precisely with those connected with tho osoai>o of 
Barton Pond in Vermont, so well known to geologioal studonts—is important, 
as showing that tho diminution of tho fish in rivers exposod to inundations is 
ohiefiy to be ascribed to the meohanioal action of tho current, and not mainly, 
m some have supposed, to changes of temperature oooasionod by clearing. 
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destructive to fish which live or spawn in fresh water. Mill- 
dams impede their migrations, if they do not absolutely prevent 
them, the sawdust from lumber mills clogs their gills, and the 
thousand deleterious mineral substances, discharged into rivers 
from metallurgical, chemical, and manufacturing establish¬ 
ments, poison them by shoals.* 

We have little evidence that any fish employed as human 
food has naturally multiplied in modem times, whilo all the 
more valuable tribes have been immensely reduced in numbers. 
This reduction must have affected the more voracious species 
not used as food by man, and accordingly the shark, and other 
fish of similar habits, even when not objects of systematic 
pursuit, are now comparatively raro in many waters where 
thoy formerly abounded. The result is, that man has greatly 
reduced the numbers of all larger marino animals, and conse¬ 
quently indirectly favored the multiplication of tho smaller 
aquatic organisms which entered into their nutriment. This 
change in the relations of the organic and inorganic matter of 
tho sea must have exorcised an influence on the latter. What 
that influence has been we cannot say, still less can wo predict 
what it will be hereafter; but its action is not for that reason 
the less certain.f 


Our author states that, in 1700, a terrible inundation was produoed in the 
Indalself, whioh rises in the Storsjo in Jeratland, by drawing off into it the 
waters of another lake near Itagunda. The flood destroyed houses and fields; 
much earth was swept into the channel, and the water made turbid and 
muddy; the salmon and the smaller fish forsook the river altogether, ana 
never returned. The banks of the river have nover regained their former 
solidity, and portions of their soil are still oontinually falling into the water and 
destroying its purity .—Itoa genom Sverge , ii, p. 51. 

• Tho mineral water disoharged from a colliery on the river Doon in Scot¬ 
land discolored the stones in the bed of the river, and killed the fish for 
twenty miles below. 

The fish of the streams in whioh hemp is maoerated in Italy are ofton poi¬ 
soned by the juices thus extracted from the plant— Dorotea, Sommario 
delUt etoria deW AUeutioa , pp. 04, 05. 

t Among the unexpected results of human action, the destruction or multi- 
ulication of fish, as well as of other animals, Is a not unfrequent occurrence. 
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Geographical Importance of Birds* 

Wild birds form of themselves a very conspicuous and inter¬ 
esting feature in the stajfage , as painters call it, of the natural 
landscape, and they are important elements in tlio viow wo are 
taking of geography, whether wo consider their immediate or 
their incidental influence. Birds affect vegetation directly by 
sowing seeds and by consuming them ; they affect it indirectly 
by destroying insects injurious, or, in some cases, beneficial to 
vegetable life. lienee, when wo kill a seed-sowing bird, wo 
check the dissemination of a plant; when wo kill a bird which 
digests the seed it swallows, we promote the increase of a vege¬ 
table. Nature protects the seeds of wild, much more effectually 
than those of domesticated plants. Tlio cereal grains aro com¬ 
pletely digested when consumed by birds, but the germ of the 
smaller stone fruits and of very many other wild vegetables is 
uninjured, perhaps oven stimulated to moro vigorous growth, 
by the natural chemistry of the bird’s stomach. The power of 
flight and the restless habits of tho bird enable it to transport 
heavy seeds to far greater distances than tlioy could bo carried 
by the wind. A swift-winged bird may drop cherry 6toncs a 
thousand miles from tho tree they grow on; a hawk, in tearing 

Williams, in his History of Vermont , i, p. 140, records snch a caso of tbo in¬ 
crease of trout. In a pond formed by damming a small stream to obtain 
water power for a sawmill, and covering ono thousand acres of primitive 
forest, tbo increased supply of food brought within reach of tbo fish multi¬ 
plied them to that degree, that, at tbo bead of tbo pond, wbero, in tbo spring, 
they crowded together in tho brook which supplied it, they wero taken by tho 
bands at pleasure, and swino caught thorn without difficulty. A single swoop 
of a small Bcoopnot would bring up half a bushel, carts wero filled with them 
as fast as if picked up on dry land, and in tho fishing season thoy wero com¬ 
monly Bold at a shilling (oightponce halfpenny, or about sovontocn cents) 
a bushel The increase in tho size of tho trout was as roinarkablo as the 
multiplication of their numbers. 

Tho construction of dam* and mills is destructive to many fish, but operates 
os a protection to their proy. The mills on Connootiout River greatly dimin¬ 
ished tho number of tbo salmon, but tho striped bnss, on which tho salmon 
foeds, multipliod in proportion.— Dn. Dwioirr, Travels t y ol iL, p. 
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a pigeon, may scatter from its crop the still fresh rice it had 
swallowed at a distance of ten degrees of latitude, and thus the 
occurrence of isolated plants in situations where their presence 
cannot otherwise well be explained, is easily accounted for/* 
There is a large class of seeds apparently specially fitted by 
nature for dissemination by animals. I refer to those which 
attach themselves, by means of hooks, or by viscous juices, to 
the coats of quadrupeds and the feathers of birds, and are thus 
transported wherever their living vehicles may chance to wan¬ 
der. Some birds, too, deliberately bury seeds in the earth, or in 
holes excavated by them in the bark of trees, not indeed with 
a foresight aiming directly at the propagation of the plant, but 
from apparently purposeless secretiveness, or as a mode of pre¬ 
serving food for future use. 

The tame fowls play a much less conspicuous part in rural 
life than the quadrupeds, and, in their relations to the economy 
of nature, they are of very much less moment than four-footed 
animals, or than the undomesticated birds. The domestic tur¬ 
key f is probably more numerous in the territory of the United 
States than the wild bird of the same species ever was, and the 
grouse cannot, at the period of their greatest abundance, have 
counted as many as wo now number of the common hen. The 
dove, however, must fall greatly short of tlio wild pigeon in 
multitude, and it is hardly probable that the flocks of domestic 
geese and ducks are as numerous as once wore those of their 


• Pigeons were shot near Albany, in New York, a few years ago, with green 
rloe in their crops, which it was thought must have been growing, a very few 
hours before, at the distanoe of seven or eight hundred miles. The efforts of 
the Dutoh to confine the cultivation of the nutmeg to the island of Banda are 
•aid to have been defeated by the birds, whioh transported this heavy fruit to 
other islands. 

f Tho wild turkey takes readily to the water, and is able to cross rivers of 
very considerable width by swimming. By way of giving me an idoa of the 
former abundanoe of this bird, on old and highly respectable gentleman who 
was among the early white settlers of the West, told mo that he onoe counted. 
In walking down the northern bank of the Ohio River, within a distanoe of 
four miles, eighty-four turkeys as they landed singly, or at most in pairs, after 
swimming over from the Kentucky side 
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wild congeners. The pigeon, indeed, scorns to have multiplied 
immensely, for some years after the first clearings in the woods, 
because the settlers warred unsparingly upon the hawlc, while 
the crops of grain and other vegetable growths increased the 
supply of food within the reach of the young birds, at the age 
when their power of flight is not yet great enough to enable 
them to seek it over a wido area.* The pigoon is not described 
by the earliest white inhabitants of tho American States as 
filling tho air with such clouds of winged life as astonishod 
naturalists in tho descriptions of Audubon, and, at the present 
day, tho net and tho gun have so reduced its abundance, that its 
appearance in largo numbers is recorded only at long intervals, 
and it is never seen in tho groat flocks remembered by many 
still living observers as formerly very common. 

Introduction of Birds. 

Man has nndesignedly introduced into now districts perhaps 
fewer species of birds than of quadrupeds ; f but tho distribu¬ 
tion of birds is very much influenced by tho character of his 

* The wood-pigeon, os woU as tho domostio dove, has been observed to in¬ 
crease in nnmbors in Europe also, when pains havo been taken to exterminate 
the hawk. Tho American pigeons, which migrated in docks so numorous that 
they were whole days in passing a given point, woro no doubt injurious to tho 
grain, but probably loss so than is generally supposed; for thoy did not oonilne 
themselves oxclusivoly to the harvests for thoir nourishment. 

f The first mention I havo found of tho naturalization of a wild bird in mod¬ 
em Europe is in tho Menagiana, vol. iii., p. 174, edition of 1715, whore it it 
stated that Rond, King of Sicily and Duke of Anjou, who diod in 1480, intro¬ 
duced the red-legged partridge into the latter oountry. Attempts have boon 
made, and I believe with success, to naturalize the European lark on Long 
Island, and the English sparrow has been introduced into various parts of tho 
Northern States, whore he is useful by destroying noxious insoots and worms 
not preyed upon by native birds. 

The humming-bird has resisted all efforts to aodimato him in Europe, though 
they have not unfrequently snrvivod the passage across the ocum. 

In Switzerland and some other parts of Europe the multiplication of insec¬ 
tivorous birds is enoouraged by building nests for them, and it is alleged that 
both fruit and forest trees have been essentially benefited by the protection 
thus afforded them. 

8 
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industry, and the transplantation of every object of agricultural 
production is, at a longer or shorter interval, followed by that 
of the birds which feed upon its seeds, or more frequently 
upon the insects it harbors. The vulture, the crow, and other 
winged scavengers, follow the march of armies as regularly as 
the wolf. Birds accompany ships on long voyages, for the sake 
of the offal which is tlirown overboard, and, in such cases, it- 
might often happen that they would breed and become natu¬ 
ralized in countries where they had been unknown before.* 
There is a familiar story of an English bird which built its nest 
in an unused block in the rigging of a ship, and made one or 
two short voyages with the vessel while hatching its eggs. Had 
the young become fledged while lying in a foreign harbor, they 
would of course have claimed the rights of citizonship in the 
country where they first took to the wing.f 


* Gulls hover about ships in port, and often far out at sea, diligently watch¬ 
ing for the wasto of tho eabooso. While the four great fleets, English, Fronob, 
Turkish, and Egyptian, were lying in the Bosphorus, in the summer and autumn 
of 18ft), a young lady of my family oallod my attontion to tho foot that tho gulls 
were far moro numerous about the ships of one of the fleets than about the 
other*. This was voriflod by repeated observation, and the difforonco was 
owing no doubt to the greater abundanoe of the refuso from the oookrooms 
of the naval squadron most frequented by tho birds. Persons aoquaiutod with 
the eoonomy of the navies of the states in question, wUl be able to oonjecturo 
wbioh fleet was most favored with these delicate attentions. The Amorioon 
gull follows the steamers up the Mississippi, and has boon shot 1,000 miles 
from the sea. 

f Birds do not often voluntarily take passage on board ships bound for 
foreign oountrles, bat I can testify to one such case. A stork, which had 
nested near one of the palaoeB on the Bosphorus, had, by some acoident, injured 
a wing, and was unable to join his fellows when they oommoncod their winter 
migration to the banks of the Nile. Before he was able to fly again, he woe 
©aught, and the flag of the nation to whioh the palaoo belonged woe tied to hie 
leg, so that he woe easily identified at a considerable distance. As his wing 
grew stronger, he made several unsatisfactory experiments at flight, and at 
last, by a vigorous effort, suooeeded in reaching a passing ship bound south* 
ward, and perched himself on a topsail-yard. I happened to witness this move¬ 
ment, and observed him quietly maintaining his position as long as I oould 
discern him with a spy-glass. I supposed he finished the voyage, for ho oer* 
ftainly did not return to the pelooe. 
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An unfortunate popular error greatly magnifies tlie injury 
done to the crops of grain and leguminous vegetables by wild 
birds. Very many of those generally supposed to consume 
largo quantities of tlio seeds of cultivated plants really feed 
almost exclusively upon insects, and frequent the wheatficlds, 
not for the sake of the grain, but for the eggs, larvae, and fly 
of the multiplied tribes of insect life which are so destructive 
to the harvests. This fact has been so well established by the 
examination of the stomachs of great numbers of birds iu 
Europe and the United States, at different seasons of tlio year, 
that it is no longer open to doubt, and it appears highly prob¬ 
able that even tlio species which consume more or less grain 
generally make amends by destroying insects whoso ravages 
would have been still more injurious.* On this subject, wo 

* Even the common crow has found apologist*, and it has boon aiisortod that 
ho pays for the Indian corn he consumes by destroying the worms and larvse 
which infest that plant. 

Professor Treadwell, of Massachusetts, found that a half-grown American 
robin in confinement ate in ono day sixty-eight worms, weighing togothcr 
nearly onoe and a half as much as the bird himself, und another had pre¬ 
viously starved upon a daily allowanco of eight or ton worms, or about twenty 
por cent, of his own weight. Tho largest of theso numbers appoared, so far as 
could bo judged by watching paront birds of tho samo species, as thoy brought 
food to their young, to bo much greator than that supplied to thorn when fod 
in the nest; for tho old birds did not return with worms or insects oftonor than 
once in ten minutes on an avorago. If wo supposo tho paronta to hunt for 
food twelve hours in a day, and a nest to contain four young, we should have 
soventy-two worms, or cightcon each, as tho daily supply of the brood. It is 
probable enough that somo of tho food collected by tho parents may bo more 
nutritious than tho earthworms, and consequently that a smaller quantity suf¬ 
ficed for tho young in tho nest than when reared under artificial conditions. 

The supply required by growing birds is not tho mcasuro of their wants 
after thoy have arrived at maturity, and it is not by any moans oortain that 
great muscular exertion always increases tho domond for nourishment, either 
in the lower animals or in man. Tho members of the English Alpine Club 
are not distinguished for appetites which would make them unwolcome guests 
to Swiss landlords, and I think evory man who has had tho porsonal charge 
of field or railway hands, must have observed that laborors who spore their 
strength the loost are not the most valiant trenoher champions. During 
the period when imprisonment for dobt was permitted in New England, per¬ 
sons confined in country jails hod no speoifio allowance, and they were ooxn- 
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have much other evidence besides that derived from dissection. 
Direct observation has shown, in many instances,, that the 
destruction of wild birds has been followed by a great multi¬ 
plication of noxious insects, and, on the other hand, that these 
latter have been much reduced in numbers by the protection 
and increase of the birds that devour them. Many interesting 
facts of this nature have been collected by professed natural¬ 
ists, but 1 shall content myself with a few taken from familiar 
and generally accessible sources. The following extract is 
from Michelet, L'Oiseau } pp. 169,170: 

* The stingy farmer—an epithet justly and feelingly be¬ 
stowed by Virgil. Avaricious, blind, indeed, who proscribes 
the birds—those destroyers of msects, those defenders of his 
harvests. Not a grain for the creature which, during the rains 
of winter, hunts the future insect, finds out the nests of the 
larvce, examines, turns over every loaf, and destroys, every 
day, thousands of incipient cateipillars. But sacks of com for 
the mature insect, whole fields for the grasshoppers, which tho 
bird would have made war upon. With eyes fixed upon his 
furrow, upon the present moment only, without seeing and 
without foreseeing, blind to tho great harmony which is novor 
broken with impunity, he has everywhere demanded or ap¬ 
proved laws for the extermination of that necessary ally of his 
toil—the insectivorous bird. And the insect has well avenged 
the bird. It has become necessary to revoke in haste the pro¬ 
scription. In the Isle of Bourbon, for instance, a price was set 
on the head of the martin; it disappeared, and the grasshop¬ 
pers took possession of tho island, devouring, withering, scorch¬ 
ing with a biting drought all that they did not consume. In 
North America it has been tho same with the starling, the 
protector of Indian com. # Even the sparrow, which really 

monly fed without stint I have often inquired oonoerning their diot, and 
been assured by the jailers that their prisoners, who were not provided with 
work or other means of exeroise, oonsumed a considerably larger supply of 
food than oommon out-door laborers. 

* I hope Michelet has good authority for this statement, but Z am unable to 
ponton it 
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does attack grain, but which protects it still more, tho pilferer, 
the outlaw, loaded with abuse and smitten with curses—it has 
been found in Hungary that they wore likely to perish without 
him, that he alone could sustain the mighty war against tho 
beetles and the thousand winged enemies that swarm in the 
lowlands; they have revoked tho decree of banishment, re¬ 
called in haste this valiant militia, which, though deficient in 
discipline, is nevertheless the salvation of the country.* 

“ Not long since, in tho neighborhood of Rouen and in the 
valley of Monvillo, the blackbird was for some time proscribed. 
The beetles profited well by this proscription; their lame, in¬ 
finitely multiplied, carried on their subterranean labors with 
such success, that a meadow was shown me, tho surface of 
which was completely driod up, every herbaceous root was con¬ 
sumed, and the whole grassy mantle, easily loosened, might 
have boon rolled up and carried away like a carpet.” 

The general hostility of the European populace to tho smaller 
birds is, in part, tho remote effect of tho reaction created by 
the game laws. When tho restrictions imposed upon tho cha60 
by those laws were suddenly removed in France, the whole 
people at once commenced a destructive campaign against ovory 
species of wild animal. Arthur Young, writing in Provence, 
on tho 30th of August, 1760, soon after ihe National Assembly 
had declared the chase free, thus complains of the annoyanco 
lie experienced from tho uso made by tho peasantry of their 
newly-won liberty. " One would think that every ru6ty fire¬ 
lock in all Provence was at work in tho indiscriminate destruc¬ 
tion of all tho birds. The wadding buzzed by my cars, or fell 


* Apropos of tho sparrow—o single pair of which, according to Mioholot, 
p. 815, carries to tho nest four thousand and throe bundrod caterpillars or 
colcoptera in a wook—I find in an English newspaper a report of a mooting of 
a “ Sparrow Club,*' stating that the member who took tho first prize had de¬ 
stroyed 1,407 of these birds within the year, and that the prowess of tho 
other members hod brought the total number up to 11,044 birds, besides 9,550 
eggs. Every one of tho fourteen thousand hatched and unhatohed birds, 
thus sacrificed to puerile vanity and ignorant prejudioe, would have saved his 
bushel of wheat by preying upon insects that destroy the grain. 
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into my carriage, five or six times in the courso of the day.” 
# # «The declaration of the Assembly that every man is 
free to hunt on his own land * * has filled all France with 
an intolerable cloud of sportsmen. * * The declaration 

6 pcaks of compensations and indemnities [to the seigneurs]) 
but the ungovernable populace takes advantage of the abolition 
of the game laws and laughs at the obligation imposed by the 
decree.” 

The contagious influence of tho French Revolution occa¬ 
sioned the removal of similar restrictions, with similar results, 
in other countries. The habits then formed have become here- 
ditaiy on tho Continent, and though game laws still exist in 
England, there is little doubt that the blind prejudices of the 
ignorant and half-educated classes in that country against birds 
are, in some degree, at least, duo to a legislation, which, by 
restricting the chase of game worth killing, drives tho un¬ 
privileged sportsman to indemnify himself by slaughtering all 
wild life which is not reserved for tho amusement of his betters. 
Hence tho lord of tho manor buys his partridges and his hares 
by sacrificing the bread of his tenants, and so long as tho mem¬ 
bers of “ Sparrow Clubs ” arc forbidden to follow higher game, 
they will suicidally revenge themselves by destroying tho birds 
which protect their whcatfields. 

On the Continent, and especially in Italy, tho comparative 
scarcity and dearness of animal food combine w f itli tho feeling 
1 have just mentioned to stimulate still further tho destructive 
passions of the fowler. In tho Tuscan province of Grosseto, 
containing less than 2,000 square miles, nearly 300,000 thrushes 
and other small birds are annually brought to market.* 

* Salyaonoli, Jl lemorie tulle ATaremmt Totoant , p. 143. Tho country about 
Naples it filled with slendor towers fifteon or twenty foot high, which are a 
standing puzzle to strangers. Thoy are the stations of the fowlers who watch 
from them the flocks of small birds and drive them down into tho net* by 
throwing stones over them. 

In Northern and Central Italy, one often sees hillooks crowned with grove¬ 
like plantations of small trees, much resembling large arbors. These serve to 
oolloot birds, which are entrapped in nets in great numbers. Those plAn- 
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Birds aro less hardy in constitution, they possess less facility 
of accommodation, # and they aro more scvorcly affoctod by 


tatious aro callod ragnaje , and the reader will find, in Bindi’g edition of Da- 
vanzati, a very pleasant description of a ragnaja, though its authorship is not 
now ascribed to that eminent writor. 

Tschudi has collected in his little work, Ueber die Landieirthschaftliche Be* 
dcutung der Vugcl % many interesting facts respecting tho utility of birds, and 
tho wanton destruction of them in Italy and elsewhere. Not only .ho owl, 
but many other birds more familiarly known as predacious in their habits, aro 
useful by destroying great numbers of mice and moles. Tho importance of 
this last service becomes strikingly apparent whou it is known that tho 
burrows of the moles aro among the most frequent causes of rupture in the 
dikes of the Po. and, consequently, of inundations whioh lay many square 
miles of land under water. Sco Annalca dca Ponta et Chauaaeca , 1847, 
l #r# sdmestro, p. 150; Vogt, Nutzliche und echiidliche T lucre ; and particu¬ 
larly articles in the Ofornale del Club Aljnno f vol. lv. t no. 15, and vol. v., no. 
10 . 

Sco also in An* dtr Katur, vol. 04, p. 707, an article ontitlod Nutzm der 
Vug (l fur die Tm ndid >1 bar It afl , where it is affirmod that “ without birds no 
agriculture or oven vegetation would bo possible.’* 

In an interesting memoir by Uondani, published in tho Bollcttino del Comma 
agntrio di Parma for Dccombor, 18(J3, it is maintained that birds are ofton 
injurious to tbo agriculturist, by preying not only on noxious insects, but 
sometimes exclusively, or at least by prcferonco, on entomopbngous triboa 
which would otherwise destroy those injurious to cultivated plants. Sco also 
articles by Prof. Babbioni in tho Qiornulc di Agrieollura di Bohgna % Novem¬ 
ber and December, 1870, and other articles in the samo journal of 15th and 
30th April, 1870. 

m Wild birds aro very tenacious in their habits. The extension of partioulax 
branches of agriculture introduces new birds; but unless in tho case of such 
changes in physical conditions, particular species scorn indissolubly attaohod 
to particular localities. Tbo migrating tribes follow almost undoviatingly 
the samo precise line of flight in their annual journeys, and establish them¬ 
selves in tho same breoding-placcs from year to year The stork is a strong- 
winged bird and rovos far for food, but very rarely establishes new colonies. 
Ho is common in Holland, but unknown in England. Not abovo five or six 
pairs of storks commonly breed in tho suburbs of Constantinople along the 
European shore of tho narrow Bosphorus, while—much to tho satisfaction of 
the Moslems, who aro justly proud of tho marked partiality of so orthodox a 
bird—dozens of ohimnoys of the true beliovers on the Asiatio side are crowned 
with his nests. 

The appearance of the dove-like grouse, Tetrao paradoxut , ox SgrrhapUi 
Palloiii ; in various ports of Europe, in 1850 and the following years, is a 
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climatic excess than quadrupeds. Besides, they generally want 
the special means of shelter against the inclemency of the 
weather and against pursuit by their enemies, which holes and 
dens afford to burrowing animals and to some larger beasts of 
prey. The egg is exposed to many dangers before hatching, 
and the young bird is especially tender, defenceless, and help¬ 
less. Every cold rain, every violent wind, every hailstorm dur¬ 
ing the breeding seasou, destroys hundreds of nestlings, and tho 
parent often perishes with her progeny while brooding over it 
in tho vain effort to protect it.** The great proportional num¬ 
bers of birds, their migratory habits, and the ease with which 
by their power of flight they may escape most dangers that 
beset them, would seem to secure them from extirpation, and 
even from very great, numerical reduction. But experience 
shows that when not protected by law, by popular favor or 
superstition, or by other special circumstances, they yield 
very readily to tho hostile influences of civilization, and, though 
tho first operations of the settler are favorable to tho increase of 
many species, tho great extension of rural and of mechanical 


noticeable exception 1 to tho law of regularity which scorns to govern the 
movements and determine the habitat of birds. Tho proper home of this bird 
is tbo steppes of Tartary, and it is not recorded to have been o'oservod in 
Europe, or at loast west of Russia, until the year above mentioned, when 
many tlooks of twenty or thirty, and even a hundred individuals, wore soon in 
Bohemia, Germany, Holland, Denmark, England, Ireland, and France. A 
considerable flock frequented the Frisian island of Borkum for more than five 
months. It was hoped they would broed and remain permanently in the 
island, but this expectation has been disappointed, and the stcppo-grouoo 
seems to have disappeared again altogether. 

• It is not the unfledged and tho nursiug bird alone that are exposed to 
destruction by sovore weather. Whole flocks of adult and strong-winged 
tribes are killed by haU. Severe winters* are usually followed by a sensible 
diminution In the numbers of the non-migrating birds, and a cold storm in 
summer often proves fatal to the more delicate spcoles. On tho 10th of June, 
184—, five or six inohos of snow fell in Northern Vermont. The next morning 
I found a humming-bird killed by tho oold, and hanging by its olaws just be¬ 
low a loose clapboard on the wall of a small wooden building where it had 
sought shelter. 
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industry is, iu a variety of ways, destructive even to tribes not 
directly warred upon by man.* 

Nature sets bounds to the dispropoi’tionate increase of birds, 
while at the same time, by the multitude of their resources, sho 
secures them from extinction through her own spontaneous 
agencies. Man both preys upon them and wantonly destroys 

* Lyell, Antiquity of Man , p. 400, observes: “ Of birds it is estimated 
that the number of those which die every year oquals the aggTogato number 
by which the species to which they respectively belong is, on the average, 
permanently represented." 

A romarkable instance of tho influence of new circumstances upon birds was 
observed upon the establishment of a light-houso on Capo Cod some years 
since. The morning after the lamps were lighted for tho first timo, moro 
than a hundred dead birds of sovoral different species, chiefly water-fowl, 
were found at the foot of tho tower. They had been killed in tho course of 
tho night by flying against tho thick glass or grating of tho lantom. 

From an article by A. Esquiros, in the Revue dcs JJeux Mondce for Sopt. 1, 
1804, entitled, La vie Angtaite, p. 110, it appears that such occurrences as 
that stated in the note have been not unfrequent ou tho British coast. Are 
the birds thus attrnotod by new lights, flocks in migration ? 

Migrating birds, whothor for greater socurity from caglos, hawks, and other 
enemies, or for sorno unknown reason, perform a great part of their annual 
journoys by night; and it is observed in the Alps that they follow tho high 
roads in thoir passage across the mountains. This is partly because the food 
in search of which they must sometimes descend is principally found noar tho 
roads. It is, howover, not altogether for the sake of consorting with man, 
or of profiting by his labors, that their lino of flight confonns to tho paths ho 
has tracod, but rather bocauso tho grout roads oro carried through tho natural 
depressions in the chain, and hence the birds can cross tho summit by those 
routes without rising to a hoight whoro at the seasons of migration tho oold 
would bo excessive. 

Tho instinct which guides migratory birds in their courso is not in all oasoo 
infallible, and it 6ecms to be confounded by changes in tho condition of the 
surface. I am familiar with a village in New England, at the junction of two 
valleys, each drained by a mill-stream, where the flocks of wild geoso whioh 
formerly passed, ovory spring and autumn, were very frequently lost, as St 

at popularly phrased, and I have often hoard thoir screams in the night as 
they flow wildly about in perplexity as to the proper courso. Perhaps the vil¬ 
lage lights embarrassed them, or perhaps the constant changes in the face of 
the country, from the cloarings then going on, introducod Into tho landscape 
features hot according with tho ideal map handed down in the anserlno family, 
and thus deranged its traditional geography. 
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them. The delicious flavor of game-birds, and the skill im¬ 
plied in the various arts of the sportsman who devotes himself 
to fowling, make them favorite objects of the chase, while the 
beauty of their plumage, as a military and feminine decora¬ 
tion, threatens to involve the sacrifice of the last survivor of 
many once numerous species. Thus far, but few birds de¬ 
scribed by ancient or modem naturalists are known to have 
become absolutely extinct, though there are some cases in which 
they are ascertained to have utterly disappeared from the face 
of the earth in very recent times. The most familiar instances 
are those of the dodo, a large bird peculiar to the Mauritius or 
Me of France, exterminated about the year 1690, and now 
known only by more or less fragmentary skeletons, and the 
solitary, which inhabited the islands of Bourbon and Rodriguez, 
but has not been seen for more than a century. A parrot and 
some other birds of the Norfolk Island group are said to have 
lately become extinct. The wingless auk, Alca impennin, a 
bird remarkable for its excessive fatness, was very abundant 
two or three hundred years ago in the Faroe Islands, and on 
the whole Scandinavian seaboard. The early voyagers found 
either the same or a closely allied species, in immense num¬ 
bers, on all the coasts and islands of Newfoundland. The 
value of its flesh and its oil made it one of the most important 
resources of the inhabitants of those sterile regions, and it was 
naturally an object of keen pursuit. It is supposed to bo 
now completely extinct, and few museums can show even its 
skeleton. 

There seems to be strong reason to believe that modern 
civilization is guiltless of one or two sins of extermination 
which have been committed in recent ages. New Zealand 
formerly possessed several species of dinornis, one of which, 
called moa by the islanders, was larger than the ostrich. Tho 
condition in which the bones of these birds have been found 
and the traditions of the natives concur to prove that, though 
the aborigines had probably extirpated them before the dis¬ 
covery of New Zealand by tho whites, they still existed at a 
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comparatively late period. The same remarks apply to a 
winged giant the eggs of which have been brought from 
Madagascar. This bird must have much exceeded the dimen¬ 
sions of the moa, at least 60 far as wo can judge from the egg, 
which is eight times as large as the average size of the ostrich 
egg, or about one hundred and fifty times that of the hen. 

But though wo have no evidcnco that man has exterminated 
many species of birds, wo know that his persecutions havo 
caused their disappearance from many localities whore they 
once were common, and greatly diminished their numbers in 
others. The cappercailzie, Tetrao uro(jaUas y the finest of tho 
grouse family, formerly abundant in Scotland, had become 
extinct in Great Britain, but has been reintroduced from 
Sweden.* Tho ostrich is mentioned, by many old travellers, as 
common on tho Isthmus of Suez down to tho middle of the 
seventeenth century. It appears to have frequented Palestine, 
Syria, and even Asia Minor at earlier periods, but is now rarely 
found except in tho seclusion of remoter deserts, f 


* The oapperoailzie, or tjiider, as he is oallod in Swodon, is a bird of singu¬ 
lar habits, and seems to want some of tho protcctivo instincts which socuro 
most other wild birds from destruction. Tho younger Lrcstndius frequently 
notices the tjiider, in his very remorkablo account of the Swedish Laplanders. 
Tho tjudor, though not a bird of passago, is migrutory, or rathor wandering 
in domicile, and appears to undertake very purposeless and absurd journeys. 
“When ho flits,” says Lacstadius, “he follows a straight course, and somo- 
times pursues it quite out of tho oouutry. It is said that, in foggy weather, 
he somotimes flies out to sea, and, whoa tirod, falls into tho water and is 
drowned. It is accordingly observed that, when he flies westwardly, towards 
the mountains, he soon comes back again; but when ho takes an castwnidly 
oourso, he returns no moro, and for a long time is very scarco in Lapland. 
From this it would soem that he turns back from tho bald mountains, when 
he discovers that he has strayed from his proper homo, tho wood; but wbon 
he finds himsolf over tho Baltic, where ho cannot alight to rost and colioot 
hini6clf, ho flies on until he Is exhausted and falls into tho eoa.”— Petrus 
Lashtadius, Journal affdrsta dret, tie,, p. 333 
f Frogoobaldi saw ostrichos between Suos and Mt. Sinai. Viaggio in Terra 
Santa, p. Go. See also Vansleb, Voyage eCtigypte, p. 103, and an article in 
Pete it Mann, MUtfuUungen , 1870, p. 880, entitled Die Verbreitung dee Strausses 
in Asien* 
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The modem increased facilities of transportation have 
brought distant markets within reach of the professional hunt¬ 
er, and thereby given a new impulse to his destructive propen¬ 
sities. Not only do all Great Britain and Ireland contribute to 
the supply of game for the British capital, but the canvas-back 
duck of the Potomac, and even the prairie hen from the basin 
of the Mississippi, may be found at the stalls of the London 
poulterer. Kohl # informs us that, on the coasts of the North 
Sea, twenty thousand wild ducks are usually taken in the 
course of the season in a single decoy, and sent to the large 
maritime towns for sale. The statistics of the great European 
cities show a prodigious consumption of game-birds, but the 
official returns fall far below the truth, because they do not 
includo the rural districts, and because neither the poachor nor 
his customers report the number of his victims. "Reproduction, 
in cultivated countries, caunot keep pace with this excessive 
destruction, and there is no doubt that all the wild birds which 
aro chased for their flesh or their plumage are diminishing 
with a rapidity which justifies the fear that the last of them 
will soon follow the dodo and the wingless auk. 

Fortunately the larger birds which are pursued for their flesh 
or for their feathers, and those the eggs of which aro used as 
food, are, so far as we know the functions appointed to them 
by nature, not otherwise specially useful to man, and, there¬ 
fore, their wholesale destruction is an economical evil only in 
the same souso in which all waste of productive capital is an 
evil.f If it were possiblo to confine the consumption of game- 
fowl to a number equal to the annual increase, the world would 
be a gainer, but not to the same extent as it would be by 

* DU Ilenogthamer Schleswig und Holstein, 1., p. 203. 

t Tho increased demand for animal oils for the use of the leather-dresser 
it now threatening the penguin with the fate of the wingless auk. Aooording 
to the lieport of the Agricultural Department of the U, & tot Augutt and 
September, 1871, p. 840, smaU vessel! are fitted out for the chase of this bird, 
and return from a six weeks* oruise with 20,000 or 80,000 gallons of oil. 
About eleven birds are required for a gallon, and oonsequently the vessels 
toko upon on average 800,000 penguins eaoh. 
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checking the wanton sacrifice of millions of tho smaller birds, 
which are of no real value as food, but which, as wo have seen, 
render a most important service by battling, in our behalf, as 
well as in their own, against tho countless legions of humming 
and of creeping things, with which the prolific powers of insect 
life would otherwise cover the earth. 

Utility and Destruction of Reptiles. 

The disgust ami fear with which the serpent is so universally 
regarded expose him to constant persecution by man, and per¬ 
haps no other animal is 60 relentlessly sacrificed by him. Never¬ 
theless, snakes as well as lizards and other reptiles are not wholly 
useless to their great enemy. Tho most formidable foes of tho 
insect, and even of the small rodents, are tho reptiles. Tho 
chameleon approaches tho insect perched upon tho twig of a 
tree, with an almost imperceptible slowness of motion, until, at 
tho distance of a foot, ho shoots out his long, slimy tonguo, and 
rarely fails to secure tho victim. Even the slow toad catches 
the swift and wary housefly in tho same manner; and in tho 
warn countries of Europe, the numerous lizards contribute very 
essentially to the reduction of tho insect population, which they 
both surprise in tho winged state upon walls and trees, and con- 
sumo as egg, worm, and chrysalis, in their earlier metamor¬ 
phoses. Tho serpents feed much upon insects, as well as upon 
mice, moles, and small reptiles, including also other snakes. 

In temperate climates, snakes are consumed by scarcely any 
beast or bird of prey except tho stork, and they liavo few dan¬ 
gerous enemies but man, though in tho tropics othor animals 
prey upon them.* It is doubtful whether any species of ser- 

• It is very questionable whether there is any foundation for tho popular 
belief in the hostility of swine and of doer to tho rattlesnake, and oaroful 
experiments as to the former quadruped soora to show that tho supposed 
enmity is wholly imaginary. It Is however affirmed in on artiolo in Nature 
June 11,1872, p. 815, that the pigs have exterminated tho rattlesnako in some 
parts of Oregon, and that swine are destruotlve to tho cobra de capello in 
India. Observing that the starlings, ttorndU, which bred in an old tower in 
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pent has been exterminated within the human period, and even 
the dense population of China has not been able completely to 
rid itself of the viper. They have, however, almost entirely 
disappeared from particular localities. The rattlesnalco is now 
wholly unknown in many large districts where it was extremely 
common half a century ago, and Palestine has long been, if not 
absolutely f reo from venomous serpents, at least very nearly so.* 

Piedmont, oarriod something from tboir noHts and dropped it upon tho ground 
about on often as they brought food to tboir young, I watohed their proceed¬ 
ings, and found every day lying near tho tower numbers of dead or dying 
nlowworms, and, in a fow cases, small lizards, which had, in evory instance, 
lost about two inohos of tho tail. This part I believe the starlings gave to 
their nestlings, and threw away the remainder. 

* Russell denies the existence of poisonous snakes in Northern Syria, and 
states that the last instance of death known to havo occurred from tho bite of 
a serpent noar Aleppo took place a hundred years before his time. In Pales¬ 
tine, tho olimato, the thinness of population, tho multitudo of lnsoots and of 
lizards, all circumstances, in foot, seem very favorable to tho multiplication of 
sorponts, but the venomous spocios, at least, aro extremely rare, if at all 
known, in that country. I have, however, boon assurod by persons vory fami¬ 
liar with Mount Lebanon, that oasos of poisoning from tho bito of snakes had 
occurred within a fow years, noar Ilasbeiyeh, and at other placos on the 
southern declivities of Lebanon and Ilermon. In Egypt, on the other hand, 
tho cobra, tho asp, and the corastcs are as numerous as over, and are xnuoh 
dreaded by all tho natives except tho professional snake charmers. 

Tho rooent great multiplication of vipers in some parts of France is a sin¬ 
gular and startling fact. Toussenol, quoting from official documents, states, 
that upon the offer of a reward of fifty centimes, or ten cents, a head, twdos 
thousand vipers wore brought to the prefect of a single department, and that 
In 1850 fifteen hundred snakes and twenty quarts of snakes' eggs were found 
under a farm-house hearthstone. The granary, the stables, the roof, the very 
beds swarmed with serpents, and the family were obliged to abandon its habi¬ 
tation. Dr. Viaugrondmarais, of Nantes, reported to the prefect of his depart¬ 
ment more than two hundred recent cases of viper bites, twenty-four of whioh 
proved fatal.— Trislia , p. 176 et seqq . Aooording to the Journal des Debate 
for Oot. 1st, 1867, the Department of the C6te d’Or paid in the year 1866 
eighteen thousand francs for the destruction of vipers. The reward was thirty 
oentimes a head, and consequently tho number killed was about sixty thousand. 
A friend residing in that department informs me that it was strongly suspected 
that many of these snakes were imported from other departments for the sake 
of the premium. 

In Nature for 1870 and 1871 we are told that the number of death* from the 
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The serpent does not appear to have any natural limit of 
growth, and we are therefore not authorized wholly to discredit 
the evidence of ancient naturalists in regard to the extraordi¬ 
nary dimensions which those reptiles are said by thorn to have 
sometimes attained. The use of firearms has enabled man to 
reduce the numbers of the larger serpents, and they do not often 
escape him long enough to arrive at the size ascribed to thorn by 
travellers a century or two ago. Captain Speke, howovor, shot 
a sorpont in Africa which measured fifty-one and a half feet in 
length. 

Some enthusiastic ontomologist will, perhaps, by and by dis¬ 
cover that insects and worms aro as essential as tho larger or¬ 
ganisms to tho proper working of the great terraqueous machine, 
and we shall liavo as cloquont pleas in defence of tho mosquito, 
and perhaps oven of tho tzetzo-fly, as Toussenol and Michelet 
liavo frumod in behalf of tho bird. The silkworm, tho lao in¬ 
soot, and tho bee ueed no apologist; a gallant producod by tho 
puncture of a oi/nijpa on a Syrian oak is a nocessary ingrodiont 
in tho ink I am writing with, and from my windows I rocog- 
nizotho grain of tho kermes and tho cochineal in tho gay habili¬ 
ments of tho holiday groups beneath them. 

These humble forms of being aro seldom conspicuous by more 
mass, and though tho winds and tho waters sometimes swoop 
together large heaps of locusts and even of may-flies, their re¬ 
mains are speedily decomposed, their exuviae and their struc¬ 
tures fonn no strata, and still less does nature use them, as she 
does tho calcareous and silicious cases and dwellings of animal- 
cular species, to build reefs and spread out submarine deposits, 
which subsequent geological action may convert into islands aud 
even mountains.* 

bitea of venomous serpents in the Bengal Presidency, in the year I860, was 
11,410, and that in the whole of British India not less than 40,000 human lives 
are oMmuiiiy lost from this oause. In one small department, a toward of from 
three to six pence a hood for poisonous serpents brought in 1,200 a day, and 
in two months tho government paid £10,000 sterling for their destruction. 

* Although the remains of extant animals ore rarely, if ever, gathered in 
•uffioient quantities to pos se s s any geographical importance by their mere 
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But the action of the creeping and swarming things of the 
earth, though often passed unnoticed, is not without important 
effects in the general economy of nature. The geographical 
importance of insects proper, as well as of worms, depends 
principally on their connection with vegetable life as agents of 
its fecundation, and of its destruction. We learn from Darwin, 
“ On Various Contrivances by which British and Foreign Or¬ 
chids are Fertilized by Insects,” that some six thousand species 
of orchids are absolutely dependent upon the agency of insects 
for their fertilization, and that consequently, were those plants 
unvisited by insects, they would all rapidly disappear. What 
is true of the orchids is more or less true of many other vegeta¬ 
ble families.* We do not know the limits of this agency, and 

moss, the decayed exuvice of even tho smaller and humbler forms of life aro 
sometimes abundant enough to exercise a perceptible influence on soil and 
atmosphere. 44 Tho plain of Curaana,” says Humboldt, 44 presonts a remark¬ 
able phenomenon, after heavy rains. The moistened earth, whenheatod by the 
rays of the sun, diffuses the musky odor common in the torrid zone to animals 
of very different classes, to tho jaguar, the small species of tiger-cat, the 
cabiaf, the gallinazo vulture, tho crocodile, tho viper, and tho rattlesnake. 
The gaseous emanations, the vehicles of this aroma, appear to bo disengaged 
in proportion as tho soil, which contains tho romains of an innumerable mul¬ 
titude of roptiles, worms, and insects, begins to bo impregnated with water. 
Wherever we stir the earth, we are struck with the mass of organic sub¬ 
stances which in turn are developed and becomo transformed or decomposed. 
Nature in these climes seems more active, more prolific, and, so to speak, more 
prodigal of life.” 

* Later observations of Darwin and other naturalists have greatly raised 
former estimate* of the importance of insect lifo in tho fecundation of plants, 
and among other remarkable discoveries it has beon found that, in many 
cases at least, insects are necessary even to monoecious vegetables, because 
the male flower does not impregnate the female growing on the same stem, 
and the latter can be fecundated only by pollen suppliod to it by insects from 
another plant of the same species. 

44 Who would ever have thought," says Preyer, 44 that the abundance and 
beauty of the pansy and of the olover were dependent upon the number of 
cats and owls ? But so it is. The olover and the pansy oannot exist without 
the humble-bee, which, in search of his vegetable nectar, transports uncon¬ 
sciously the pollen from the masculine to the feminine flower, a service whloh 
other insects perform only partially for these plants. Their existenoo there¬ 
fore depends upon that of the humble-bee. The mioe make war upon this 
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many of the insects habitually regarded as unqualified pests, 
may directly or indirectly perform functions as important to 
the most valuable plants as the services rendered by certain 
tribes to the orchids. I say directly or indirectly, becanse, be¬ 
sides the other arrangements of nature for chocking tho undue 
multiplication of particular species, 6 he has established a police 
among insects themselves, by which some of them keep down 
or promote the increase of others; for there are insects, as well 
as birds and beasts, of prey. Tho existence of an insect which 
fertilizes a useful vegetable may depend on that of another 
insect which constitutes his food in somo stage of his* life, and 
tliis other again may bo as injurious to 60ine plant as his de¬ 
stroyer is to a different species. 

The ancients, according to Pliny, were accustomed to hang 
branches of tho wild fig upon the domestic tree, in order that 
the insects which frequented tho former might hasten tho ripen¬ 
ing of tho cultivated fig by their punctures—or, as others sup¬ 
pose, might fructify it by transporting to it tho pollen of tho 
wild fruit—and this process, called caprification, is not yet en¬ 
tirely obsolete.* 

Tho perforations of tho earthworms and of many insoefc 
larvro mechanically affect tho texture of tho soil and its perme¬ 
ability by water, and they therefore have a certain influence on 
tho form and character of terrestrial surface. Tho earthworms 

bee. In their fondness for honey thoy destroy tho nest and at the Bamo time 
tho boo. Tho principal onomios of mioo aro oats and owls, and thoreforo the 
finest clovers and the most beautiful pansies aro found near villages where 
oats and owls abound.”— Pukyeh, Der Kampf urn due Dusein , p. 23. Soe 
also Delpino, Pemicri snlla biologia ugetale , and other works of tho samo 
able obsorvor on vegetable physiology. 

* The utility of caprification boa boon a good deal disputed, and It has, I 
beliove, been generally abandoned in Italy, though still practised in Grooce. 
Bee Browne, The Trees of America , p. 475, and on caprification in Kabylia, 
N. Bibesco, Les Kabyki du Djurdjura, in Revue da Deux Monda for April 
1st, 1805, p. 680; also, Am der Matur, vol. xxx., p. 081, and Piiitson, 
Utilisation of Minute Life , p. 60. In some parts of Sicily, sprigs of mint, 
mentha pidegium, are used instead of branches of tho wild fig for oaprifioation. 
PiTBb, Uripopetari SieUiani, 1871, p. 18. 
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long ago made good their title to the respect and gratitude of 
the farmer as well as of the angler. Their utility has been 
pointed out in many scientific as well as in many agricultural 
treatises. The following extract from an essay on this subject 
will answer my present purpose: 

“ Worms are great assistants to the drainer, and valuable aids 
to the fanner in keeping up the fertility of the 6oil. They love 
moist, but not wet soils; they will bore down to, but not into 
water; they multiply rapidly on land after drainage, and prefer 
a deeply-driod soil. On examining pail of a field which had 
been deeply drained, after long-previous shallow drainage, it 
was found that the worms had greatly increased in number, 
and that their bores descended quite to the level of the pipes. 
Many worm-bores were large enough to receive the little finger. 
A piece of land near the sea in Lincolnshire, over which the 
sea had broken and killed all the worms, remained Bterilo until 
the worms again inhabited it. A piece of pasture laud, in 
which worms were in such numbers that it was thought tlieir 
casts interfered too much with its produce, was rolled at night 
in order to destroy the worms. The result was, that the fertility 
of the field greatly declined, nor was it restored until they had 
recruited their numbers, which was aided by collecting and 
transporting multitudes of worms from the fields. 

u The great depth into which worms will bore, and from 
which they push up fine fertile soil, and cast it on the surface, 
have been well shown by the fact that in a few years they 
have actually elevated the surface of fields by a largo lnyor of 
rich mould, several inches thick, thus affording nourishment to 
the roots of grasses, and increasing the productiveness of the 
soil.” 

It should be added that the writer quoted, and all others who 
have discussed the subject, have, so far as I know, overlooked 
one very important element in the fertilization produced by 
earthworms. I refer to the enrichment of the soil by their 
excreta during life, and by the decomposition of their remains 
when they die. Tho manure thus furnished is as valuable as 
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the like amount of similar animal products derived from 
higher organisms, and when we consider the prodigious num¬ 
bers of these worms found on a single square yard of 6omo 
6 oils, we may easily see that they fu**:;Ibh no ^significant con¬ 
tribution to the nutritive material required for the growth of 
plants.* 

The carnivorous and often herbivorous insects render another 
important service to man by consuming dead and decaying 
animal and vegetable matter, the decomposition of which 
would otherwise fill the air with effluvia noxious to health. 
Some of them, the grave-digger beetle, for instance, bury the 
small animals in which they lay their eggs, and thereby pre¬ 
vent the escape of the gases disengaged by putrefaction. 
The prodigious rapidity of development in insect life, the 
great numbers of the individuals in many species, and the 
voracity of most of them while in the larva 6tate, justify 
the appellation of nature’s scavengers which has been be¬ 
stowed upon them, and there is very littlo doubt that, in 
warm countries, they consume a larger quantity of putrescent 
organic matter than the quadrupeds and birds which feed upon 
such aliment. 

# I bolievo there is no foundation for the supposition that earthworms attaok 
tho tubor of tho potato. Somo of thorn, especially one or two species em¬ 
ployed by anglers os bait, If natives of the woods, aro at least raro in shadod 
grounds, but multiply very rapidly after the soil is brought under cultivation. 
Forty or fifty years ago they wore so scarce in tho newer parts of New Eng¬ 
land, that tho rustic fishermen of every villago kept socrot the fow places 
where they were to be found in their neighborhood, as a professional mystery, 
but at present one can hardly turn over a shovelful of rich moist soil any¬ 
where, without unearthing several of them. A very intelligent lady, bom in 
tbo woods of Northern New England, told me that, in her childhood, theso 
Worms were almost unknown in that region, though anxiously sought for by 
the anglers, but that they increased as the country was cleared, and at last 
became so numerous in somo places, that the water of springs, and even of 
shaUow wells, whioh had formerly been excellent, was rendered undrinkable 
by the quantity of doad worms that feU into them. The iuoroase of tho robin 
and other smaU birds which foUow the settler when he has prepared a suit¬ 
able home for them, at last checked the excessive multiplication of the 
worms, and abated the nuisance. 
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Injury to the Forest by Insects . 

The action of the insect on vegetation, as wo have thus far 
described it, is principally exerted on smaller and less con¬ 
spicuous plants, and it is therefore matter rather of agricul¬ 
tural than of geographical interest. But in the economy of 
the forest European writors ascribe to insect life an importance 
which it has not reached in America, where the spontaneous 
woods are protected by safeguards of nature’s own devising. 

Tho insects which damage primitive forests by feeding upon 
products of trees essential to their growth, are not numerous, 
nor is thoir appearance, in destructive numbers, frequent, and 
those which perforate the stems and branches, to deposit and 
hatch thoir eggs, more commonly select dead trees for that pur¬ 
pose, though, unhappily, there are important exceptions to this 
latter remark.* I do not know that we have any evidence 

# The locust insoot, Ctitua piotus , which deposits its eggs in tho Amorioan 
locust, Robinia paoudnoacia , is one of these, and its ravages have been and 
still are more destructive to that very valuable troo, so remarkablo for combin¬ 
ing rapidity of growth with strength and durability of wood. This inseot, I 
believe, has not yet appeared in Europe, whore, since the so general employ¬ 
ment of the Robinia to clothe and protect embankments and tho Roarps of 
deep cuts on railroads, it would do incalculable mischief. As a traveller, 
however, I should find some compensation for this evil in the destruction of 
these aoaoia hodges, which as completely obstruct tho view on hundreds of 
miles of Frenoh and Italian railways, as do the garden walls of the same 
oountries on the ordinary roads. 

The lignivorous insects that attaok living trees almost uniformly confine 
thoir ravagos to trees alroady unsound or diseased in growth from the depre¬ 
dations of leaf-eaters, snoh as caterpillars and the like, or from other causes. 
The dooay of the tree, therefore, is the oauAe not the oonsequenoe of the in¬ 
vasions of the borer. This subjeot has been discussed by Poms in the 
Anndles do la Boeilti Entomdogigue <U la Francs for 1853, and his conclusions 
are confirmed by the observations of Samanos, who quotes, at some length, 
the views of Perris. “ Having, for fifteen years," says the latter author, 
44 incessantly studied the habits of lignivorous inseots in one of the best 
wooded regions of Franoe, I have observed foots enough to feel myself war¬ 
ranted in expressing my conclusions, which are; that inseots in general—I am 
not speaking of thoee which oonfine their voracity to the leaf—do not attaok 
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of tho destruction or serious injury of American forests by in¬ 
sects, before or even soon after the period of colonization; but 
since tho white man has laid bare a vast proportion of the 
earth’s surface, and thereby produced changes favorable, per¬ 
haps, to tho multiplication of these pests, they have greatly 
increased in numbers, and, apparently, in voracity also. Not 
many years ago, the pines on thousands of acres of land in 
North Carolina were destroyed by insects not known to have 
ever done 6erious injury to that tree before. In such cases as 
this and others of tho like sort, there is good reason to bcliove 
that man is tho indirect cause of an evil for which ho pays so 
heavy a penalty. Insects increase whenever tho birds which 
feed upon them disappear. Ilenco, in tho wanton destruction 
of tho robin and other insectivorous birds, tho lipcs wiplumis, 
tho featherless biped, man, is not only oxchanging tho vocal 
orchestra which greets the rising sun for tho drowsy beetle’s 
evening drone, and depriving his groves and his fields of their 
fairest ornament, but ho is waging a treacherous warfaro on his 
natural allies.* 


trees in sound health, and they assail those only whoso normal conditions and 
functions have boon by uomo cause impaired/' 

See, more fully, Samanoe, Traite dc li Culturo tin Pin Maritime, Paris, 1804, 
pp. 140-145, and SiEMOxr, Manual* dell 1 Aria Forestall 2d edition. Florence, 
1872. 

* In tho artificial woods of Europo, insocts arc far more numerous and de¬ 
structive to trees than in tho primitive forosts of America, and tho samo re¬ 
mark may be made of tho smaller rodents, such as moles, mice, and squirrels. 
In the denso native wood, tho ground and the air arc too humid, tho depth of 
shado too groat, for many tribes of theso creatures, while near the natural 
meadows and other open grounds, where circumstances aro othorwiso more 
favorablo for their existence and multiplication, their numbers aro kopt down 
by birds, serpents, foxos, and smaller predacious quadrupods. In oivilizod 
countries theso natural enemies of tho worm, tho beetle, and tho molo, are 
porscouted, somotimos almost exterminated, by man, who also removes from 
his plantations the deoayed or wind-fallen trees, tho shrubs and undorwood, 
which, in a stato of naturo, furnished food aud sholtor to tho boror and the 
rodont, and often also to tho animals that preyed upon thorn. Hence the in¬ 
sect and the gnawing qundropod are allowed to incroaso, from the oxpulsion of 
the polioe which, in the natural wood, prevent their excessive multiplication. 
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Introduction of Insects. 

The general tendency of man’s encroachments upon spon¬ 
taneous nature has been to increase insect life at the expense 
of vegetation and of the smaller quadrupeds and birds. 
Doubtless there are insects in all woods, but in temperate 
climates they are comparatively few and harmless, and the 
most numerous tribes which breed in the forest, or rather in its 
waters, and indeed in all solitudes, are those which little injure 
vegetation, such as mosquitoes, gnats, and the like. With 
the cultivated plants of man come the myriad tribos which 
feed or breed upon them, and agriculture not only introduces 
new species, but so multiplies the number of individuals as to 
defy calculation. Newly introduced vegetables frequently es¬ 
cape for years the insect plagues which had infested them in 
their native habitat; but the importation of other varieties of 
the plant, the exchange of seed, or some more accident, is sure 
in the long run to carry the egg, the larva, or the chrysalis to 
the most distant shores whero the plant assigned to it by naturo 
as its possession ha3 preceded it. For many years after the 
colonization of the United States, few or none of the insocts 
which attack wheat in its different stages of growth, were 
known in America. During the Revolutionary war, the IIcs- 

and they booome destructive to the forest because they are driven to the 
living tree for nutriment and cover. The forest of Fontainebleau ia almost 
wholly without birds, and their absence is ascribed by some writers to the 
want of water, whioh, ia tho thirsty sands of that wood, does not gather into 
running brooks; but the want of undergrowth is perhaps an equally good 
reason for their scarcity. 

On the other hand, the thinning out of the forest and the removal of under¬ 
wood and decayed timber, by whioh it is brought moro nearly to the condition 
of an artificial wood, is often destructive to insect tribes whioh, though not 
injurious to trees, are noxious to man. Thus the troublesome woodtiok, 
formerly very abundant in the North Eastern, as it unhappily still is in nativo 
forests in the Southern and Western States, has become nearly or quito extiuot 
in the former region sinoe the woods have been reduood in extent and laid 
more open to the sun and air.—A ia Frron, in Report of Sets York Agi'icultural 
Society for 1870, pp. 808,804. 
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sian fly, Ctcidomyia destructrix , made its appearance, and it 
was so called because it was first observed in the year when tho 
Hessian troops were brought over, and was popularly supposed 
to have been accidentally imported by those unwelcome stran¬ 
gers. Other destroyers of cereal grains have since found their 
way across the Atlantic, and a noxious European aphis has first 
attacked the American wheatfields within tho last fifteen years. 
Unhappily, in these cases of migration, tho natural corrective 
of excessive multiplication, tho parasitic or voracious onomy of 
the noxious insect, does not always accompany the wanderings 
of its prey, and the bane long precedes tho antidote. Ilcnco, 
in the United States, tho ravages of imported insects injurious 
to cultivated crops, not being checked by the counteracting in¬ 
fluences which nature had provided to limit their devastations 
in tho Old World, arc more destructive than in Europe. It is 
not known that the wheat midge is preyed upon in America by 
any other insect, and in seasons favorable to it, it multiplies to 
a degree which would prove almost fatal to tho entire harvost, 
were it not that, in tho great territorial extent of tho Unitod 
States, there is room for such differences of soil and climate as, 
in a given year, to present in one State all tho conditions favor¬ 
able to tho increase of a particular inject, whilo in anothor, 
tho natural influences are lioatilo to it. Tho only apparent 
remedy for this evil is, to balance tho disproportionate develop¬ 
ment of noxious foreign species by bringing from thoir native 
country tho tribes which prey upon them. This, it 6coms, 1ms 
been attempted. Tho United States Census Report for 1SC0, 
p. 82, states that tho Now York Agricultural Socioty “ has in¬ 
troduced into this country from abroad certain parasites which 
Providence has created to counteract tho destructive powers of 
6 omo of these depredators.” # 

This is, however, not tho only purpose for which man has 
designedly introduced foreign forms of insect life. Tho eggs 
of tho silkworm aro known to havo been brought from tho far- 

* On panialtio and entomopbogout insocU, soo a paper by Eondani referred 
to p. 119 anti. 
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tlicr East to Europe in the sixth century, and new silk-spinners 
which feed on the castor-oil bean and the ailanthus, have recently 
been reared in France and in South America with promising 
success.* The cochineal, long regularly bred in aboriginal 
America, has been transplanted to Spain, and both the kermes 
insect and the cantlmrides have been transferred to other cli¬ 
mates than their own. Tiie honey-bee must bo ranked next to 
the silkworm in economical importance. This useful creature 
was carried to the United States by European colonists, in the 
latter part of the seventeenth century; it did not cross the Mis¬ 
sissippi till the close of the eighteenth, and it is only in 1S53 
that it was transported to California, where it was previously 
unknown. The Italian bee, which seldom stings, has lately 
been introduced into the United States, f 
The insects and worms intentionally transplanted by man 
bear but a small proportion to tlioso accidentally introduced 
by him. Plants and animals often carry their parasites 
with them, and the traffic of commercial countries, which 
exchange their products with every zono and every 6tage 
of social existence, cannot fail to transfer in both directions 
the minute organisms that are, in one way or another, as30- 


* The silkworm which foods on the ailanthus has naturalized itself in the 
United States, but tho promises of its utility havo not been realized. 

f Boe husbandry, now vory general in Switzerland and othor Alpino rogions, 
was formerly an important branch of industry in Italy. It has lately been 
revived and is now extensively prosecuted in that country. It is interesting 
to observe that many of tho methods roocntly introduced into this art in Eng¬ 
land and the Unitod States, such for oxnmplo as tho removablo honey-boxes, 
are roinventions of Italian systems at least three hundrod years old. See 
Gallo, Lt vmti Giornnto dvW Agricnltura , cap. xv. 

The temporary dodino of this industry in Italy was doubtless in a great 
measure due to tbe use of sugar which had taken the placo of honoy, but per¬ 
haps also in part to tho docroase of the wild vogetation from which tho boe 
draws more or less of his nutriment. 

A new wax-produoing insect, a species of oooons, vory abundant in Chino, 
where its annual produoo is said to amount to the value of ton millions of 
frouos, hoe recently attraotod notice In Frauoe. The wax is white, resembling 
spermaoeti, and is said to be superior to that of the bee. 
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ciatcd with almost every object important to the material in¬ 
terests of man.* 

The tenacity of life possessed by many insects, their prodi¬ 
gious fecundity, the length of time they often remain in the 
different phases of their existence,f tho security of the retreats 
into which their small dimensions enable them to retire, are 
nil circumstances vory favoniblo not only to tho perpetuity of 
their species, but to their transportation to distant cliuuvtos aud 
their multiplication in their new homos. Tho teredo, so destruc¬ 
tive to shipping, has been carried by tho vcssols whose wooden 
walls it mines to almost every part of tho globe. The termite, 
or white ant, is said to have been brought to Rochefort by tho 
commerce of that port a hundred years ago.J This creature is 
more injurious to wooden structures and implements than any 
other known insect. It cats out ulmost tho entire substance of 


* A few years ago, a laboror, eraployod at a North Amorioan port in dis¬ 
charging a cargo of hide* from tho opposite oxtromity of tho oontinout, was 
fatally poisoned by tho bibo or the sting of an unknown Insect, which ran out 
from a hide he was handling. 

Tho Phylloxera watatrU , tho most destructive post which has ovor attaokod 
European vinoyards— for its ravagos aro fatal not inordy to tho fruit, but to 
tho vino itself—is said by many entomologists to bu of Amorioan origin, but I 
havo soon no aocount of tho mode of its introduction. 

f In many insoots, somo of tho stages of lifo regularly coutlnuo for scvoral 
years, and they may, under poouliar circumstances, bo almost indefinitely 
prolonged. Dr. Dwight montions tho following rcmarkublo caso of this sort: 
“ I saw hero an insoct, about an inch in length, of a brown color tingod with 
orange, with two antenna, not unliko a rosebug. This insoct camo out of a 
toa-tablo made of tho boards of an applo-troo.” Dr. Dwight found the 
44 oavity wlionce tho insoot hod omorgod into tho light, 1 ’ to bo 4 * about two 
inches in length. Botwoen tho holo, and tho outsido of tho loaf of tho table, 
tkore wore forty gTains of tho wood." It was supposed that tho sawyor and 
tho cabinot-maker must havo removed at least thirteen grains more, and tho 
table had boon in tho possession of its proprietor for twouty yoars. 

X It doos not appear to bo quite settled whether tho termites of Franoo aro 
indigenous or imported. Boo Quatrevaoes, Souecnir* <Tun KaturalUtU, ii., 
pp. 400, 543, 543. 

Tho white ant has lately appeared at St. Helena and is in a high degree 
destructive, no wood but teak, and even that not always, resisting it.—ifts* 
tun for Uoroh 2d, 1871, p. 802. 
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the wood, leaving only thin partitions between the galleries it 
excavates in it; but as it never gnaws through the surface to 
the air, a stick of timber may be almost wholly consumed with¬ 
out showing any external sign of the damage it has sustained. 
The termite is found also in other parts of France, and particu¬ 
larly at Koclielle, where, thus far, its ravages are confined to a 
single quarter of the city. A borer, of similar habits, is not 
uncommon in Italy, and you may 6ee in that country handsome 
chairs and other furniture which have been reduced by this 
insect to a framework of powder of post, covered, and appa¬ 
rently held together, by nothing but the varnish. 

Destruction of Insects. 

It is well known to naturalists, but less familiarly to common 
observers, that the aquatic larvro of some insects which in other 
stages of their existence inhabit the land, constitute, at certain 
seasons, a largo part of the food of fresh-water fish, while other 
larvae, in their turn, prey upon the spawn and even the young 
of their persecutors.* The larvae of the mosquito and the gnat 
are the favorite food of the trout in the wooded regions where 
those insects abound.f Earlier in the year the trout feeds on 

* I have soon the larva of the dragon-fly in an aquarium bite off the head 
of a young fish as long as itself. 

f Insects and fish—whioh prey upon and feed each other—are the only forms 
of animal life that are numerous in tho native woods, and their range is, of 
eourse, limited by the eztont of the waters. The great abundauoe of tho 
trout, and of other more or loss allied genera in the lakes of Lapland, 6eems to 
be due to the supply of food provided for them by the swarms of insects which 
in the larva state inhabit the waters, or, in other stages of their life, are ac¬ 
cidentally swept into them. AU travellers in the north of Europe speak of tho 
gnat and the mosquito as very serious drawbacks upon the enjoyments of the 
summer tourist, who visits the head of the Gulf of Bothnia to soe the mid¬ 
night sun, and the brothers Losstadius regard them as one of the great plagues 
of sub-arotio life. 44 The persecutions of these insects,” says Lars Levi Loos- 
todius [Cultx pipiem , Citlex replant , and Culcx pulicarit], 44 leave not a mo¬ 
ment’s peooe, by day or night, to any living creature. Not only man, but 
oattle, and even birds and wild beasts, softer intolerably from their bite." He 
adds In a note, 44 1 will not affirm that they have ever devoured a living man, 
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the larva of the May fly, which is itself very destructive to the 
spawn of the salmon, and hence, by a sort of house-that-Jack- 
built, the destruction of the mosquito, that feeds tho trout that 
preys on the May fly that destroys tho eggs that hatch tho sal¬ 
mon that pampers tho epicure, may occasion a scarcity of this 
latter fish in waters where he would otherwise bo abundant. 
Thus all nature is linked together by invisible bonds, and every 
organic creature, however low, however feeblo, however de¬ 
pendent, is necessary to the well-being of some other among the 
myriad forms of life with which the Creator has peopled the 
earth. 

I have said that man has promoted tho increaso of tho insect 
and tho worm, by destroying the bird and the fish which feed 
upon them. Many insects, in the four different 6tagcs of their 
growth, inhabit in succession the earth, the water, and tho air. 
In each of these elements tlioy have their special enemies, and, 
deep and dark as are the minute recesses in which they hido 
themselves, they are pursued to the remotest, obscurest corners 
by tho executioners that nature has appointed to punish their 
delinquencies, and furnished with cunning contrivances for fer¬ 
reting out the offenders and draggingthom into tho light of day. 
One tribe of birds, tho woodpeckers, seems to depend for sub¬ 
sistence almost wholly on those insects which breed in dead or 
dying trees, and it is, perhaps, needless to say that the injury 
these birds do the forest is imaginary. Thoy do not cut holes 
in the trunk of tho tree to prepare a lodgment for a future 
colony of boring larvtc, but to extract tho worm which has 
already begun his mining labors, lienee these birds aro not 
found whore tho forester removes trees as fast as they bccomo 
fit habitations for such insects. In clearing new lands in tho 

but many young cattlo, suoh as lambs and calves, havo boon worriod out of 
tbeir lives by thorn. All the people of Lapland declare that young birds aro 
killed by them, and this is not improbable, for birds are scarce aftor soasons 
when the midge, the gnat, and the mosquito aro numerous.”— Uppodling • 
or % Loppmarkcn , p. SO. 

Potrus Lasted ins mokes similar statements in his Journal for finta arot, 
p. 285. 
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United States, dead trees, especially of the spike-leaved kinds, 
too much decayed to serve for timber, and which, in that state, 
are worth little for fuel, are often allowed to stand until they 
fall of themselves. Such stubs, as they are popularly called, are 
filled with borers, and often deeply cut by the woodpeckers, 
whose strong bills enable them to penetrate to the very heart of 
the tree and drag out the lurking larvae. After a few years, 
the stubs fall, or, as wood becomes valuable, are cut and carried 
off for firewood, and, at the same time, the farmer selects for 
felling, in the forest he has reserved as a permanent source of 
supply of fuel and timber, the decaying trees which, like the 
dead 6tems in the fields, serve as a home for both the worm and 
his pursuer. We thus gradually extirpate this tribe of insects, 
and, with them, the species of birds which subsist principally 
upon them. Thus the fine, large, red-lieaded woodpecker, 
Pious erythrocejphalus , formerly very common in New England, 
has almost entirely disappeared from those States, Bince the 
dead trees are gone, and the apples, his favorite vegetable food, 
are less abundant. 

There are even largo quadrupeds which feed almost exclu¬ 
sively upon insects. The ant-bear is strong enough to pull 
down the clay houses built by the species of termites that con¬ 
stitute his ordinary diet, and the curious ai-ai, a climbing quad¬ 
ruped of Madagascar, is provided with a very slender, hook- 
nailed finger, long enough to reach far into a hole in the trunk 
of a tree, and extract the worm which bored it.* 

Minute Organisms . 

Besides the larger inhabitants of the land and of the sea, the 
quadrupeds, the reptiles, the birds, the amphibia, the Crustacea, 
the fish, the insects, and the worms, there are other countless 
forms of vital being. Earth, water, die ducts and fluids of 
vegetable and of animal life, the very air we breathe, are peo¬ 
pled by minuto organisms which perform most important funo 
• On the destruction of insects by reptiles, see page 125 ante. 
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tions in both tho living and the inanimate kingdoms of nature. 
Of the offices assigned to these creatures, the most familiar to 
common observation is the extraction of lime, and, more rarely, 
of silex, from the waters inhabited by them, and tho deposit of 
theso minerals in a solid form, either as tho material of their 
habitations or as the exuvise of their bodies. Tho microscope 
and other means of scientific observation assure us that the 
chalk-beds of England and of France, tho coral reefs of marine 
waters in warm climates, vast calcareous and silicious deposits 
in tho sea and in many fresh-water ponds, tho common polish¬ 
ing earths and slates, and many species of apparently dense and 
solid rock, are tho work of the liumblo organisms of which I 
speak, often, indeed, of animalculaj so small as to becomo visi¬ 
ble only by the aid of lenses magnifying thousands of times tho 
linear measures. It is popularly supposed that animalcules, or 
what aro commonly embraced under tho vague name of infuso¬ 
ria, inhabit tho water alone, but naturalists have long known 
that the atmospheric dust transported by every wind and depos¬ 
ited by every calm is full of microscopic lifo or of its relies. 
The soil on which tho city of Berlin stands, contains, at tho 
depth of ten or fifteen feet below the surface, living claborators 
of silex; * and a microscopic examination of a handful of earth 
connected with tho material evidences of guilt has enabled tho 
naturalist to point out tho very spot where a crime was com¬ 
mitted. It*has been computed that one-sixth part of tho solid 
matter let fall by great rivers at tbeir outlots consists of etill 
recognizable infusory shells and shields, and, as tho friction of 
rolling water must reduce many of these fragile structures to a 
state of comminution which oveu tho microscope cannot resolve 
into distinct particles and identify as relies of animal or 
of vegetable life, wo must conclude that a considerably larger 
proportion of river deposits is really tho product of animal- 
culcs.f 

* Wittweh, PhytikalUche Qcogrnphie , p. 143. 

f To vary tho phraso, I moko occasional use of animalcule, wbiob, os a popa- 
1 st designation, embraces all microsoopio organism*. The name Is founded 
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It is evident tlmt the chemical, and in many cases the 
mechanical, character of a great number of the objects impor¬ 
tant in tho material economy of human life, must be affected 
by the presence of so large an organic element in their sub¬ 
stance, and it is equally obvious that all agricultural and all 
industrial operations tend to disturb the natural arrangements 
of this clement, to increase or to diminish the special adaptation 
of every medium in which it lives to the particular orders of 
being inhabited by it. The conversion of woodland into pas¬ 
turage, of pasture into plough land, of swamp or of shallow sea 
into dry ground, tho rotations of cultivated crops, mu6t prove 
fatal to millions of living things upon every rood of surface 
thus deranged by man, and must, at tho same time, more or 
less fully compensate this destruction of life by promoting the 
growth and multiplication of other tribes equally minute in 
dimensions. 

I do not know that man has yet endeavored to avail himself, 
by artificial contrivances, of tho agency of theso wonderful 
architects and manufacturers. We are hardly well enough ac¬ 
quainted with their natural economy to doviso means to turn 
tlicir industry to profitable account, and they are in vory many 
cases too slow in producing visible results for an ago so impatient 
as 0111 * 8 . Tho over-civilization of tho nineteenth century cannot 
wait for wealth to bo amassed by infinitesimal gains, and wo 
are in haste to ejaculate upon the powers of nature, as we do 
upon objects of bargain and sale in our trafficking one with an¬ 
other. But there are still somo cases whore the little wo know 
of a life, whose workings aro invisible to tho naked oyo, sug¬ 
gests tho possibility of advantageously directing the efforts of 

on tho now exploded supposition that all of them ore animated, whioh was the 
general belief of naturalists when attention was first drawn to them. It was 
soon discovered that many of them were unquestionably vegetable, and there 
ore numerous genera the truo classification of whioh is matter of dispute among 
the ablest observers. There are oases in whioh objeots formerly taken for liv¬ 
ing animalcules turn out to be produots of the decomposition of matter onoe 
animated, and it Is admitted that noither spontaneous motion nor even appa¬ 
rent irritability are sure signs of animal life. 
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troops of artisans that wo cannot see. Upon coasts occupied by 
the corallines, the reef-building animalcule does not work near 
the mouth of rivers. Hence the change of the outlet of a stream, 
often a very easy matter, may promoto the construction of a 
barrier to coast navigation at one point, and check tho forma¬ 
tion of a reef at another, by diverting a curront of fresh wator 
from the former and pouring it into tho sea at tho latter. Cases 
may probably be found, in tropical seas, where rivers have pre¬ 
vented tho working of tho coral animalcules in straits separating 
islands from each other or from tho mainland. Tho diversion 
of 6ucli streams might removo this obstacle, and reefs conse¬ 
quently bo formed which should convert an archipelago into a 
single largo island, and finally join that to tho neighboring con¬ 
tinent. 

Quatrefages proposed to destroy tho teredo in harbors by im¬ 
pregnating tho water with a mineral solution fatal to them. 
Perhaps tho labors of tho corallino animals might bo arrested 
over a considerable extent of sea-coast by similar means. Tho 
reef-builders are leisurely architects, but tho precious coral 
is formed so rapidly that tho beds may be refished advantage¬ 
ously as often as once in ten years.* It does not 6ccm impossi¬ 
ble that branches of this coral might bo attached to tho kcol of 
a silip and transplanted to tho American coast, where tho Gulf 
6 trcam would furnish a suitable temperature beyond tho clima¬ 
tic limits that otherwise confine its growth; and thus a now 
source of profit might perhaps bo added to tho scanty returns 
of tho hardy fisherman. 

In certain geological formations, tho diatomacem deposit, at 
tho bottom of fresh-water ponds, beds of silicious shields, valu¬ 
able as a material for a species of very light firebrick, in the 
manufacture of water-glass and of hydraulic comcnt, and ulti- 

* Tho smallest twig of the precious coral thrown bock into tho sea attaches 
itsolf to tho bottom or a rock, and grows as well as on its nativo stem. 

Bee an interesting report on the ooral fishery, by Sant* Agabio, Italian Con¬ 
sul-General at Algiers, in the BoUdtino Con*olard } published by the Depart¬ 
ment of Foreign Affairs, 1803, pp. 130, 151, and in the AnnaU di AgriooUuta 
Jndustria # Commtrtio, No. ii., pp. 800, 878, 
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mately, doubtless, in many yet undiscovered industrial processes. 
An attentive study of the conditions favorable to the propaga¬ 
tion of the diatomaecce might perhaps help us to profit directly 
by the productivity of this organism, and, at the same time, dis- 
closo secrets of nature capable of being turned to valuable ac¬ 
count in dealing with silicious rocks, and the metal which is the 
base of them. 

Our acquaintance with the obscure and infinitesimal life of 
which I have now been treating is very recent, and still very 
imperfect. Wo know that it is of vast importance in geol- 
ogy, but we are so ambitious to grasp the great, so little accus¬ 
tomed to occupy ourselves with the minute, that we are not 
yet prepared to enter seriously upon the question how far wo 
can control and utilize the operations, not of unembodied phy¬ 
sical forces merely, but of beings, in popular apprehension, 
almost as immaterial as they. 

Disturbance of Natural BaUmces. 

It is highly probable that the reef-builders and other yet un¬ 
studied minuto forms of vital existence havo other functions in 
the economy of nature besides aiding in the architecture of the 
globo, and stand in important relations not only to man but to 
the plants and the larger sentient creatures over which ho has 
dominion. The diminution or multiplication of theso unseen 
friends or foes may bo attended with the gravest consequences to 
all his material interests, and he is dealing with dangerous wea¬ 
pons whonever ho interferes with arrangements pre-established 
by a power higher than his own. The equation of animal and 
vegetable life is too complicated a problem for human intelli¬ 
gence to solve, and we can never know how wide a circle of 
disturbance we produce in the harmonies of nature when we 
throw the smallest pebble into the ocean of organic being. 

This much, however, the facts I have hitherto presented au¬ 
thorize us to conclude: as often as we destroy the balance by 
deranging the original proportions between different orders of 
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spontaneous life, tho law of self-preservation requires us to re¬ 
store the equilibrium, by either directly returning the weight 
abstracted from one scale, or removing a corresponding quan¬ 
tity from the other. In other words, destruction must bo oithor 
repaired by reproduction, or compensated by now destruction 
in an opposite quarter. 

The parlor aquarium has taught oven thoso to whom it is but 
an amusing toy, that the balaneo of animal and vegetable life 
must be preserved, and that tho excess of cither is fatal to tho 
other, in the artificial tank as well as in natural waters. A few 
years ago, tho water of the Cochituato aqueduct at Boston be¬ 
came so offensive in smell and taste as to bo quite unfit for nso. 
Scientific investigation found tho cause in the too scrupulous 
care with which aquatic vegetation had been oxcluded from the 
reservoir, and tho consequent death and decay of the animal* 
culm, which could not be shut out, nor live in the water with¬ 
out the vegetable element.* 

Animalcular Life. 

Nature has no unit of magnitude by which she measures her 
works. Man takes his standards of dimension from himself. 
Tho hair’s breadth was his minimum until the microscope told 
him that there are animated creatures to which onoof tho hairs 
of his head is a larger cylinder than is the trunk of tho giant Cali- 

• It is remarkable that Poiissy, to whoso great merits aa an acuto observer 
I am happy to havo frequont occasion to bear testimony, had noticed that 
vegetation was necessary to maintain tho purity of water in artificial reser¬ 
voirs, though ho mistook tho rationale of its influcnco, which ho nsoribod to 
tho elomcntal 44 salt ” supposed by him to play an important part in all tho ope¬ 
rations of nature. In his treatise upon Waters and Fountains, p. 174, of tho 
reprint of 1844, he says: 44 And in spooial, thou shalt note one point, the 
which is understood of fow: that is to say, that the loavos of tho trocs which 
fall upon the parterre, and tho horbs growing beneath, and singularly the 
fruits, if any there be upon the troes, being docayod, the waters of the par¬ 
terre shaU dr.iw unto them the salt of tho said fruits, leaves, and horbs, the 
which shall greatly better the water of thy fountains, end hinder the potrofno¬ 
tion thereof " 


10 




146 


ANIMALOULAB LIFE. 


forma sequoia to him. lie borrows his inch from the breadth 
of his thumb, his palm and span from the width of his hand and 
the spread of his fingers, his foot from the length of the organ 
so named; his cubit is the distance from the tip of his middle 
finger to his elbow, and his fathom is the space he can measure 
with his outstretched arms.* To a being who instinctively 
finds the standard of all magnitudes in his own matorial frame, 
all objects exceeding his own dimensions are absolutely great, 
all falling short of them absolutely small. Hence we habitu¬ 
ally regard the whale and the elephant as essentially large and 
therefore important creatures, the animalcule as an essentially 
small and therefore unimportant organism. But no geological 
formation owes its origin to the labors or the remains of the huge 
mammal, while the animalcule composes, or lias furnished, the 
substance of strata thousands of feet in thickness, and extend¬ 
ing, in unbroken beds, over many degrees of terrestrial surface. 
If man is destined to inhabit the earth much longer, and to ad¬ 
vance in natural knowledge with the rapidity which has marked 
his progress in physical science for the last two or three contn- 


* The French metrical system seems destinod to be adopted throughout the 
civilised world. It is indeed recommended by great advantages, but it is very 
doubtful whether they are not more than counterbalanced by the selection of 
too large a unit of measure, and by tbo inherent intractability of all decimal 
systems with roferenoe to fractional divisions. The experience of the whole 
world has established the superior oonvonionco of a smaller unit, such as the 
bmccio, the cubit, the foot, and the palm or span, and in practical life every 
man finds that he has much more frequent occasion to use a fraction than a 
multiple of the metre. Of course, he must constantly employ numbers ex¬ 
pressive of soveral contimotres or millimetres instead of the name of a single 
smaUer unit than the metre. Desides, the metre is not divisible into twelfths, 
eighths, sixths, or thirds, or the multiples of any of theso proportions, two of 
which at least—the eighth and tho third—are of as frequent use as any other 
fractions. The adoption of a fourth of the earth’s circumference as a base 
for the new measures was itself a departure from the decimal system. Had 
the Commissioners taken the entire eirenmferenoe as a baser, and divided it 
into 100,000,000 instead of 10,000,000 parts, we should have had a unit of 
about sixteen inches, which, as a compromise between the foot and the cubit, 
would have been much better adapted to universal use than so large a unit as 
the note* 
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ries, lie will learn to put a wiser estimate on the works of crea¬ 
tion, and will derive not only great instruction from studying 
the ways of nature in her obscurest, humblest walks, but great 
material advantage from stimulating her productive energies in 
provinces of her empire hitherto regarded as forever inaccess¬ 
ible, utterly barren.* 


* The fermentation of liquids, and in many cases the decomposition of 
semi-solids, formerly supposed to be owing purely to chemical action, are now 
ascribed by many chemists to vital processes of living minuto organisms, 
both vegetable and animal, and consequently to ph) Biological os woU as to 
chemical forccB. Even alcohol is stated to bo an animal product. Tho whole 
subject of animuleular, or rather minuto organio, life, has assumed a now and 
startling importance from tho recent researches of naturalists and physiolo¬ 
gists, in the agency of such life, vegetable or animal, in oxciting and commu¬ 
nicating contagious diseases, and it is extremely probable that what are 
vaguely called germ*, to whichever of tho organic kingdoms thoy may bo as¬ 
signed, creatures inhabiting various media, and capablo of propagating their 
kind and rapidly multiplying, aro the true seeds of infoction and death in tho 
maladies now called zymotic, as wcU perhaps as in many others. 

The literature of this subject is now very voluminous. For observations 
with high microscopic power on this subject, see Beale, Disease Germs , their 
supposed Nature , and Disease Germs , their real Nature , both published in Lon¬ 
don in 1870. 

The increased frequency of typhoidal, zymotic, and malarious diseosos in 
some parts of tho United States, and tho now common oocurronco of some of 
them in districts whero they woro unknown forty years ago, aio startling facts, 
and it is a very interesting question how far man’s acts or neglects may have 
occasioned tho chango. Seo Third Annual Report of 2VamteimieU* Mat* 
Hoard of Health, for 1873. Tho causes and remedies of tho insalubrity of 
Home and its environs have been for Bomo timo tho object of careful investi¬ 
gation, and many valuablo reports have been published on tho subject 
Among the most recent of these aro: Heinz lone tulle condizioni agrarie cd 
igicniche ddla C'ampagna di Roma, jut Raff able Pareto ; Ccnni &t»rici 
tulla question* del? Agro Romano di G. Guekzoni ; Ccnni tulle condizioni Fisico* 
economical* di Roma per F. Gtohdano ; and a very important paper in the 
journal Lo Spcrimentale tor 1870, by Dr. D. Pantalkoni. 

There aro climates, parts of California, for instanco, where tho flesh of 
dead animals, freely exposed, shows no tendency to putrefaction bnt dries tip 
and may be almost indefinitely preserved in this condition. Is this owing to 
the absenoe of destructive onimalcular life in such I'^litios, and has man any 
agenoy in tho Introduction and naturalisation of these organisms in regions 
previously not infested by them t 
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THE WOODS. 

The habitable earth originally wooded—General meteorological influence of 
the forest—Electrical action of trees—Chemical influence of woods— 
Trees as protection against malaria—Trees as shelter to ground to the 
leeward—Influence of the forest as inorganic on temperature—Thermo- 
metrical action of trees as organic—Total influence of the forest on 
temperature-Influence of forests as inorganic on humidity of air and 
earth—Influence as organic—Balance of conflicting influences—Influence 
of woods on precipitation—Total climatic action of the forest—Influence 
of the forost on humidity of soil—The forest in winter—Summer rain, 
importance of—Influence of the forest on the flow of springs—Influence 
of the forest on Inundations and torrents—Destructive action of torrents 
—Floods of the Ard&che—Excavation by torrents—Extinction of torrents— 
Crushing force of torrents—Transporting power of water—The Po and 
its deposits—Mountain slides—Forest as protection against avalanches— 
Minor nses of the forest—Small forest plants and vitality of seeds— 
Locusts do not breed in forests—Goneral functions of forest—General 
oonseqnences of destruction of—Due proportion of woodland—Propor¬ 
tion of woodland in European countries—Forests of Great Britain— 
Forests of France—Forests of Italy—Forests of Germany—Forests of 
United States—American forest trees—European and American forest 
trees compared—The forest does not furnish food for man—First re¬ 
moval of the forest—Principal causes of destruction of forest—Destruc¬ 
tion and protection of forests by governments—Royal forests and game- 
laws—Effects of the Frenoh revolution—Increased demand for lumber— 
Effects of burning forest—Floating of timber—Restoration of the forest 
—Economy of the forest—Forest legislation—Plantation of forests in 
America—Financial results of forest plantations—Instability of American 
life. 


The Habitable Earth originally Wooded. 

Tubbs is good reason to believe that the surface of the habi¬ 
table earth, in all the climates and regions which have been 
the abodes of dense and civilized populations, was, with few 
exceptions, already covered with a forest growth when it first 
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became the homo of man. This we infer from the extensive 
vegetable remains—trunks, branches, roots, fruits, seeds, and 
leaves of trees—so often found in conjunction with works of 
primitive art, in the boggy soil of districts where no forests ap¬ 
pear to have existed within the eras through which written 
annals reach; from ancient historical records, which prove 
that large provinces, where the earth has long been wholly bare 
of trees, were clothed with vast and almost unbroken woods 
wnen first made known to Greek and Roman civilization; # 
and from the state of much of North and of South America, 
as well as of many islands, when they were discovered and 
colonized by the European race.f 
These evidences are strengthened by observation of the na¬ 
tural economy of our own time; for, whenever a tract of 
country, once inhabited and cultivated by man, is abandoned by 
him and by domestic animals, and surrendered to the undis¬ 
turbed influences of spontaneous nature, its soil sooner or later 
clothes itself with herbaceous and arborescent plants, and, at 
no long interval, with a dense forest growth. Indeed, upon 
surfaces of a certain stability and not absolutely precipitous 
inclination, the special conditions required for the spontaneous 
propagation of trees may all bo negatively expressed and re¬ 
duced to these three: exemption from defect or excess of 


• The recorded evidence in support of the proposition in the text has been 
collected by L. F. Alfred Maury, in his Uietoire dee grande* Foret* de la 
Gaide et de Vancienne France , and by Bccquerel, in his important work. 
Dee climate et de VInfluence qvCexercent lee Sole boiees et non boieee f Uvre ii., 
chap. i. to iv. 

We may rank among historical evidences on this point, if not technically 
among historical records, old geographical names and terminations etymo¬ 
logically indicating forest or grove, which aro so common in many parts of 
tho Eastern Continent now entirely stripped of woods—such as, in Southern 
Europe, Breuil, Broglio, Brolio, Brolo ; in Northom, Brtthl, and tho endings 
•dean, -den, -don, -ham, -holt, -horst, -hurst, -lund, -shaw, -shot, -skog, -skov, 
-wold, -weald, -wold, -wood. 

f The island of Madeira, whose noblo forests wore devastated by fire not 
long after its colonisation by European settlors, tokos its name from the 
Portuguese word for wood. 
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moisture, from perpetual frost, and from the depredations 
of man and browsing quadrupeds. 'Where these requisites are 
secured, the hardest rock is as certain to bo overgrown with 
wood as the most fertile plain, though, for obvious reasons, the 
process is slower in the former than in the latter case. Lichens 
and mosses first prepare the way for a more highly organized 
vegetation. They retain the moisture of rains and dews, and 
bring it to act, in combination with the gases evolved by their 
organic processes, in decomposing the surface of the rocks they 
cover; they arrest and confine the dust which the wind scatters 
over them, and their final decay adds now material to the 6oil 
already half formed beneath and upon them. A very thin 
stratum of mould is sufficient for the germination of seeds of 
the hardy evergreens and birches, the roots of which arc often 
found in immediate contact with the rock, supplying their trees 
with nourishment from a soil deepened and enriched by the 
decomposition of their own foliage, or sending out long root¬ 
lets into the surrounding earth in search of juices to feed them. 

The eruptive matter of volcanoes, forbidding as is its aspect, 
docs not refuse nutriment to the woods. The refractory lava 
of Etna, it is true, remains long barren, and that of the great 
eruption of 10*30 is still almost wholly devoid of vegetation.* 
But the cactus is making inroads oven here, while the volcanic 
sand and molten rock thrown out by Vesuvius soon become 
productive. Before the great eruption of 1031 even the in- 

* Even the volcanic dust of Etna romains very long 1 unproductive. Near 
Nicolohi is a groat extent of coarso blaok sand, thrown out in 1000, which, 
for almost two centuries, lay entirely bare, and can be made to grow plants 
only by artificial mixtures and much labor. 

The increase in the price of wines, in consequence of tbo diminution of the 
product from the grupo disease, however, has brought even these ashes under 
cultivation. 44 1 found,” says Waltershausen, referring to tho years 1801-02, 
44 plains of voloanio sand And half-subdued lava streams, which twenty years 
ago lay utterly waste, now covered with fine vineyards. The ashfield of ten 
square miles above Nioolosi, created by the eruption of 1000, which was en¬ 
tirely barren in 1835, is now planted with vines almost to the summits of 
Monte Rosso, at a height of three thousand feet 1 *— Usher den SidUanitchcn 
Aekerbau, p. 10. 
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tcrior of tho crater was covered with vegetation. George 
Sandys, who visited Vesuvius in 1611, after it had reposed for 
several centuries, found tho throat of tho volcano at tho bot¬ 
tom of tho crater “ almost choked with broken rocks and trees 
that aro fahie therein.” u Next to this,” ho continues, " tho 
matter thrown up is ruddy, light, and soft: more removed, 
blacko and ponderous: the uttermost brow, that declincth liko 
the seates in a theater, flourishing with trees and excellent pas¬ 
turage. The midst of tho hill is shaded with chestnut trees, 
and others bearing sundry fruits.” * 

I am convinced that forests would soon cover many parts of 
tho Arabian and African deserts, if man and domestic animals, 
especially tho goat and tho camel, were banished from them. 
The hard palate and tongue and strong teeth and jaws of this 
latter quadruped enable him to break off and masticato tough 
and thorny branches as largo as tho finger. Ho is particularly 
fond of tho smaller twigs, leaves, and seed-pods of the sont and 
other acacias, which, like the American liobinia, thrive well 
on dry and sandy soils, and ho spares no tree tho branches of 
which are within his reach, except, if I remember right, tho 
tamarisk that produces manna. Young trees sprout plenti¬ 
fully around the springs and along tho winter water-courses 
of tho desert, and these aro just tho halting stations of tho 
caravans and their routes of travel. In tho shade of theso 
trees, annual grasses and perennial shrubs shoot up, but aro 
mown down by tho hungry cattle of the Bedouin, ns fast as 
they grow. A few years of undisturbed vegetation would 
6uflicc to cover such points with groves, and theso would grad- 

• A Halation of a Journey Begun An. Dom. 1010, lib. 4, p. 200, edition of 
1015. Tho testimony of Sandys on thin point is confirmod by that of Pighio, 
Braccini, Magliocco, Saliinbcni, and Nicola di Uubco, all cited by Roth, I)cr 
Vamv., p. 0. There is somo uncertainty about tho date of tho last eruption 
previous to tho great ono of 1031. Ashes, though not lava, nppoar to have 
been thrown out about tho year 1500, and rouio ohroniclors havo rcoordod an 
eruption in tho year 1300; but this seems to bo au error for 1030, whon a 
great quantity of lava was ejected. In 1130, ashes woro thrown out for muny 
days. I take theso dates from tho work of Both just cited. 
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ually extend themselves over soils where now scarcely any 
green thing but the bitter colocynth and the poisonous fox- 
glovo is ever seen. 

General Meteorological Influence of the Forest. 

The physico-geographical influence of forests may be divided 
into two great classes, each having an important influence on 
vegetable and on animal life in all their manifestations, as 
well as on every branch of rural economy and productive 
industry, and, therefore, on all the material interests of 
man. The first respects the meteorology of the countries ex¬ 
posed to tlio action of these influences; the second, their super¬ 
ficial geography, or, in other words, the configuration, con¬ 
sistence, and clothing of their surface. 

For reasons assigned in the first chapter, and for others that 
will appear hereafter, the meteorological or climatic branch of 
The 6ubjoet is the most obscure, and the conclusions of physicists 
respecting it are, in a great degree, inferential only, not founded 
on experiment or direct observation. They are, as might bo 
expected, somewhat discordant, though one gonoral result is 
almo3t universally accepted, and seems indeed too well sup¬ 
ported to admit of serious question, and it may be considered 
as established that forests tend to mitigate, at least within 
their own precincts, extremes of temperature, humidity, and 
drought. By what precise agencies the meteorological effects 
of the forest are produced we cannot say, because dements of 
totally unknown valuo enter into its action, and because the 
relative intensity of better understood causes cannot bo meas¬ 
ured or compared. I shall not occupy much space in discuss¬ 
ing questions which at present admit of no solution, but I 
propose to notice all the known forces whose concurrent or 
conflicting energies contribute to the general result, and to 
point out, in some detail, tho value of those influences whose 
mode of action has been ascertained* 
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Electrical Influence of Trees . 

The properties of trees, singly and in groups, as exciters or 
conductors of electricity, and their consequent influence upon 
the electrical state of the atmosphere, do not appear to have 
been much investigated ; and the conditions of the forest itself 
arc 60 variable and 60 complicated, that the solution of any 
general problem respecting its electrical influence would be a 
matter of extreme difficulty. It is, indeed, impossible to sup¬ 
pose that a dense cloud, a 6ea of vapor, can pass over miles of 
surface bristling with good conductors, without undergoing 
and producing some change of electrical condition. Hypo¬ 
thetical cases may bo put in which tho character of the change 
could bo deduced from tho known laws of electrical action. 
But in actual nature, tho elements are too numerous for us to 
6eizc. Tho true electrical condition of neither cloud nor forest 
could bo known, and it could seldom bo predicted whethor tho 
vapors would bo dissolved as tlioy floated over tho wood, or 
discharged upon it in adclugoof rain. With regard to possible 
electrical influences of the forest, wider etill in their range of 
action, tho uncertainty is oven greater. Tho data which 
alone could lead to positive, or even probablo, conclusions are 
wanting, and we should, therefore, only embarrass our argument 
by any attempt to discuss this meteorological clement, impor¬ 
tant as it may be, in its relations of causo and effect to more 
familiar and bettor understood meteoric phenomena. It may, 
however, be obsorved that hail-storms—which were onco 
generally supposed, and are 6till held by many, to bo pro¬ 
duced by a specific electrical action, and which, at least, appear 
to be always accompanied by electrical disturbances—are be¬ 
lieved, in all countries particularly exposed to that scourge, 
to have become more frequent and destructive in proportion as 
the forests have been cleared. Cahni observes: “When the 
chains of the Alps and the Apennines had not yet been stripped 
of their magnificent crown of woods, tho May hail, which now 
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desolates the fertile plains of Lombardy, was much less fre¬ 
quent ; but since the gonoral prostration of the forost, these 
tempests are laying waste even the mountain-soils whose older 
inhabitants scarcely knew this plague.* The parayrandini^ 
which the learned curate of Rivolta advised to erect, with 
sheaves of straw set up vertically, over a great extent of culti¬ 
vated country, are but a Liliputian imago of the vast para- 
grandini, pines, larches, and firs, which nature had planted by 
millions on the crests and ridges of the Alps and the Apen¬ 
nines.” % “ Electrical action being diminished,” says MegU6clior, 
w and the rapid congelation of vapors by the abstraction of heat 
being impeded by the influence of the woods, it is rare that 
hail or waterspouts are produced within the precincts of a large 
forest when it is assailed by the tempest.” § Arthur Young 
was told that since the forests which covered the mountains 
between the Riviera and the county of Montferrat had dis¬ 
appeared, hail had become more destructive in the district of 
Aequi,|| and a similar increase in the frequency and violence 

* Tlicro are, in Northern Italy and In Switzerland, joint-stock companies 
which insure against damage by hail, as weU as by Ore and lightning. Be¬ 
tween the years 1854 and 1801, a single one of these oom ponies, La Riunione 
Adriatica, paid, for damage by bail in Piedmont, Venetian Lombardy, and tbo 
Duchy of Parma, above 0,500,000 francs, or nearly $200,000 per year. 

f The paragrandine , or, as it is called in French, tho paragrJU, is a species 
of oonduotor by which it has been hoped to protect the harvests in oountries 
particularly exposed to damage by hail. It was at first proposed to employ for 
this purpose poles supporting sheaves of straw oonneoted with the ground by 
tho same material; but the experiment was afterwards tried in Lombardy on a 
large scale, with more perfect eleotrloal conductors, consisting of poles scoured 
to the top of tall trees and provided with a pointed wire entering the ground 
and reaching above tho top of the pole. It was at first thought that this ap¬ 
paratus, erected at numerous points over on extent of several miles, was of 
some servioo as a protection against hail, but this opinion was soon disputed, 
and does not appear to be supported by well-asoertained foots. The question 
of a repetition of the experiment over a wide area has been again agitated 
within a very few years in Lombardy ; but the doubts expressed by very able 
physicists as to its effioaqy, and as to the point whether hail is an eleotrloal 
phenomenon, have disoonraged its advocates from attempting it 

$ Cenni tulla Important e CoUura dei Botchi, p. 6. 

S Mrnoria tui Boechi, eta, p. 44. | Travels in Italy, chap. ill. 
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of hail-storms in tlio neighborhood of Saluzzo and Mondovl, 
the lower part of the Yaltollino, and the territory of Verona 
and Vicenza, is probably to be ascribed to a similar cause.* 

Chemical Irfuence of the Forest 

We know that the air in a closo apartment is appreciably 
affected through the inspiration and expiration of gases by 
plants growing in it. The same operations are porformod ou 
a gigantic scale by the forest, and it has even been supposed 
that the absorption of carbon, by the rank vegetation of earlier 
geological periods, occasioned a ponnanont change in the con¬ 
stitution of the teiTestrial atmosphere.f To the offocts thus 
produced are to bo added those of the ultimate gaseous decom¬ 
position of the vast vegetable mass annually shed by trees, and 
of their trunks and branches when they fall a prey to time. 
But the quantity of gases thus abstracted from and rostorod 
to tho atmosphere is inconsiderable—infinitesimal, ono might 

* Lt Alpi die cingono C Italia, i., p. 377. Soo “Oa tho Influence of the 
Forest in Proventing Hail-storms,” a pap or by Bccquorol, in tbo Mil i noire* de 
VAcademic da Science *, vol. xxxv. The conclusion of this ominont physicist 
is, that woods do oxoroiso, both within their own limits and in thoir vicinity, 
tho inlluence popularly ascribed to thorn in this respect, and that tho offcot it 
probably produoed partly by mochanical and portly by electrical notion. 

f ‘ ‘ Long boforo tho appcaranco of man, .... thoy [tho forests] had 
robbed tho atmosphoro of tho enormous quantity of carbonio aoid it contained, 
and thereby transformed it into respirable air. Trcos heaped upon troos had 
already filled up the ponds and marjhcs, and buried with them in the bowolt 
of the earth—to restoro it to ui, after thousands of ages, in tho form of bi¬ 
tuminous coal and of anthracite—tho carbon which was dcstinod to bocome, 
by this wonderful condensation, a precious store of futuro wealth.”— Clav£, 
Etude* *ur VEconomic ForatUrc, p. 13. 

This opinion of tho mod ih cation of the atmosphere by vegetation is con¬ 
tested. 

Mossman ascribes the great luxuriance and special character of tho Austra¬ 
lian and New Zealand forests, as weU as other peculiarities of tho vegetation 
of the Southern homisphero, to a supposed largor proportion of carbon in the 
atmosphero of that hemisphere, though the fact of such excots does not 
appear to have been established by chemical analysis.— Mossman, Origin qf 
the Seasons. Edinburgh, 1800. Chaps, xvi. and zvil. 
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almost say—in comparison with the ocean of air from which they 
are drawn and to which they return; and though the exhala¬ 
tions from bogs, and other low grounds covered with decaying 
vegetable matter, are highly deleterious to human health, yet, 
in general, the air of the forest is hardly chemically distin¬ 
guishable from that of the sand plains, and we can as little 
trace the influence of the woods in the analysis of the atmos¬ 
phere, as we can prove that the mineral ingredients of land- 
springs sensibly affect the chemistry of the sea. 1 may, then, 
properly dismiss the chemical, as I have done the electrical, 
influences of the forest, and treat them both alike, if not as un¬ 
important agencies, at least as quantities of unknown value in 
our meteorological equation.* Our inquiries upon this branch 
of the subject will accordingly be limited to the thermometrical 
and hygrometrical influences of the woods. There is, however, 
a special protective function of the forest, perhaps, in part, of 
a chemical nature, which may be noticed here. 


Trees as a Protection against Malaria . 

The influence of forests in preventing the diffusion of mias¬ 
matic vapors is not a matter of familiar observation, and per- 

* Schacht osoribes to the forest a specific, if not a measurable, influence 
upon the constitution of the atmosphere. “ Plants imbibe from the air car- 
bonio acid and other gaseous or volatile products exhaled by animals or de¬ 
veloped by the natural phenomena of decomposition. On the other hand, the 
vegetable pours into the atmosphore oxygen, which is taken up by animals 
and appropriated by them. The tree, by means of its leaves and its young 
herbaceous twigs, presents a considerable surface for absorption and evapora¬ 
tion ; it abstroots the carbon of oarbonio acid, and solidifies it in wood, fecula, 
and a multitude of other compounds. The result is that a forest withdraws 
from the air, by its great absorbent surface, muoh more gas than meadows or 
cultivated fields, and exhales proportionally a considerably greater quantity 
of oxygen. The influence of the forests on the ohemioal composition of the 
atmosphere is, in a word, of the highest importance .”—Lee Arbree , p. 111. 

See on this subject a paper by J. Jam in, in the Revue dee Deux Monde* for 
Sept. Id, 1864; and, on the effects of human industry on the atmosphere, an 
article in Aus der Natur , vol 2D, 1804, pp. 443, 44D, 460, et eeq. See also 
Alfred Maury, Lee Fork* de la Qaule, p. 107. 
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haps it docs not corao strictly within the sphere of the present 
inquiry,but its importance will justify me in devoting some space 
to the subject. “ It has been observed ” (I quote from Pcc- 
querel) “ that humid air, charged with miasmata, is deprived 
of them in passing through the forest. Eigaud do Lille ob¬ 
served localities in Italy where the interposition of a screen of 
trees preserved everything boyond it, while the unprotected 
grounds were subject to fevers.” * Few European countries 
present better opportunities for observation on this point than 
Italy, because in that kingdom the localities exposed to mias¬ 
matic exhalations are numerous, and belts of trees, if not for¬ 
ests, aro of so frequent occurrence that their efficacy in this 
respect can be easily tested. The belief that rows of trees 
afford an important protection against malarious influences is 
very general among Italians best qualified by intelligence and 
professional experience to judge upon the subject. The com¬ 
missioners, appointed to report on the measures to bo adopted 
for the improvement of the Tuscan Maremme, advised tho 
planting of three or four rows of poplars, Pop ulus alia, in such 
directions as to obstruct tho currents of air from malarious lo¬ 
calities, and thus intercept a great proportion of the pernicious 
exhalations.” f Maury believed that a few rows of suuflowcrs, 
planted between tho Washington Observatory and tho marshy 
banks of the Potomac, had saved the inmates of that establish¬ 
ment from tho intermittent fevers to which they had been for¬ 
merly liable. Maury’s experiments have been repeated in 
Italy. Large plantations of sunflowers have been made upon 
the alluvial deposits of the Oglio, above its entrance into the 
Lake of Iseo, near Pisogne, and it is said with favorable results 
to the health of the neighborhood4 In fact, the generally 
beneficial effocts of a forest wall or other vegetable 6crccn, as 
a protection against noxious exhalations from marshes or other 

* Becquerel, Dei Climate , eta, p. 0. 

f Salvaonoli, Jiapparto $ul Botificamento deUe Maremme Toscane, pp. xlL, 
124. 

111 Politecnico, Milano , Aprils s Maggie, 1803, p. 35. 
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sources of disease, situated to the windward of them, are very 
commonly admitted. 

It is argued that, in these cases, the foliage of trees and of 
other vegetables exercises a chemical as well as a mechanical 
effect upon the atmosphere, and some, who allow that forests 
may intercept the circulation of tho miasmatic effluvia of 
swampy soils, or even render them harmless by decomposing 
them, contend, nevertheless, that they are themselves active 
causes of the production of malaria. The subject has been a 
good deal discussed in Italy, and there is some reason to think 
that under special circumstances tho influence of tho forest in 
this respect may bo prejudicial rather than salutary, though 
this docs not appear to bo generally the case.* It is, at all 

* Salvaonoli, Memorie suite Marcmme Tuscan a, pp. 213, 214. Tho soni- 
tnry notion of the forest bos been lately mnttcr of much attention in Italy. 
See Ilendiconti del Congrmo Medico del 1800 a Firenze , and especially tho im¬ 
portant observations of Selmx, H Miasma Palustre , Padua, 1870, pp. 100 tt 
icq. This action is held by this abio writer to bo almost wholly chemical, and 
ho earnestly recommends tho plantation of groves, at least of belts of trees, 
ae an effectual protection against the miasmatic influence of marshes. Very 
interesting observations on this point wiU be found in Erermayer, Die 
Physikalischcn Eintoir/cungen dcs Walden, Aschoff on burg, 1873, B. I., pp. 237 
et scq., where great importance is ascribed to the development of ozone by tho 
chemical action of the forest. The beneficial influence of tho ozone of the 
forest atmosphere on the human system Is, howover, questioned by some 
observers. See also tho able memoir: Del Miasma vegetale e dtlle MaUUUe 
Jliasmatiche of Dr. D. Pantaleoni in Ix> Sperimcntale , vol. xxii, 1870. 

Tho necessity of such hygienic improvements as shall render the now 
capital of Italy a salubrious residence gives great present importance to this 
question, and it is much to be hoped that the Agro Romano, as well as more 
distant parts of the Oampagna, will soon be dotted with groves and traversed 
by files of rapidly growing trees. Many forest trees grow with great luxu¬ 
riance in Italy, aud a moderate expense in plantation would in a very few 
yean determine whether nny amelioration of the sanitary condition of Rome 
oan be expeoted from this measure. 

It is said by recent writem that in India the villages of the natives and the 
encampments of European troops, situated in tho midst or in the neighbor¬ 
hood of groves and of forests, are exempt from cholera. Similar observations 
were also made in 1854 in Germany when this terrible disease was raging 
there. It is hence inferred that forests prevent the spreading of this malady, 
or rather the development of those unknown influences of which cholera is 
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events, well known that the great swamps of Virginia and the 
Carolinas,in climates nearly similar to that of Italy, are healthy 
even to the white man, so long as the forests in and aronnd 
them remain, but become very insalubrious when the woods 
are felled.* 

Trees as Shelter to Ground to the Leeward. 

As a mechanical obstruction, trees impede the pa66ago of 
air-currcnt6 over the ground, which, as is well known, is ono 
of tho most efficient agents in promoting evaporation and the 
refrigeration resulting from it.f In the forest, the air is almost 

the result. These influences, if we may believe certain able writers on medi¬ 
cal subjects, are telluric rather than meteoric ; and they regard it ns probable 
that tho uniform moisture of soil in forests may bo the immediato causo of 
the immunity enjoyed by such localities. Sco an article by Pettenkofer 
in the Sud-DcuUche Phmc % August, 1800; and tho obhorvations of En&R- 
mayer, iu tho work ahovo quoted, pp. 243 ct tcq. 

In Australia and Xow Zealand, ns well as generally in the Southern Hemis¬ 
phere, the indigenous trees are all evergreens, and even deciduous trees intro¬ 
duced from tho other side of tho equator become evergreen. In those 
regions, even in tho most swampy localities, malarious diseases aro nearly, if 
not altogether, unknown. Is this most important fact duo to the persistence 
of tho foliago ? 

Mobsman, Origin of Climate*, pp. 374, 393, 410, 423, ct *cq. 

• Except in tho seething marshes of northern tropical and subtropical 
regions, wbero vegetable decay is extremely rapid, tho uniformity of toinpera- 
turo and of atmospheric humidity renders all forests eminently healthful. 
Boo JIoijknstein’s observations on this subject, Dcr HoW, p. 41; also A. 
Kathy, Ja% Font* tie hi G<ntlc y p. 7. 

Tho flat and marshy district of tho Sologno in Franco was Ralubrious until 
its woods wero felled. It then bcoamo pestilential, hut within tho last few 
years its hcalthfulncss has been restored by forest plantations. Jules Clay6 
in Itcouc tics Deux J fondcs for 1st March, 1800, p. 209. 

Thoro is no question that open squares aud parks condueo to tho salubrity 
of citio.q and many observers are of opinion that tho trees and other vegota- 
Llcs with which such grounds are planted contribute essentially to their bene¬ 
ficial influence. Seo an articlo in Au* dcr Xatur , xxil, p. 813. 

f It is perhaps too much to say that tho influence) of trees upon the 
wind Is strictly limited to tho mechanical resistance of their trunks, brandies, 
and foliage. So far as the forest, by dead or by living action, raises or 
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qiiicseent, and moves only as local changes of temperature 
affect the specific gravity of its particles. Hence there is often 
a dead calm in the woods when a furious blast is raging in the 
open country at a few yards’ distance. The denser the forest 
—as, for example, where it consists of spike-leaved trees, or is 
thickly intermixed with them—the more obvious is its effect, 
and no one can have passed from the field to the wood in cold, 
windy weather, without having remarked it.* 

lowers the temperature of the air within it, so far it creates upward or down¬ 
ward ourrents in the atmosphere above it, and, consequently, a flow of air 
towards or from itself. These air-streams have a certain, though doubt¬ 
less a very small, influence on the force and direction of greater atmospherio 
movements. 

* As a familiar illustration of the influence of the forest in checking the 
movement of winds, I may mention the weU-known fact, that the sensible 
cold is never extreme in thick woods, where the motion of the air is little 
felt. The lumbermen in Canada and the Northern United States labor in the 
woods, without inoonvenionoe, when the mercury stands many degrees below 
the zero of Fahrenheit, while in the open grounds, with only a modcrato 
breeze, the same tomperature is almost insupportable. The engineers and 
firemen of locomotives, employed on railways running through forests of any 
oonsidorable extent, observe that, in very cold weather, it is much cosier to 
keep up the steam while the engine is passing through the woods than in 
the open ground. As soon os the train emerges from the shelter of the trees 
the steam-gauge falls, and the stoker is obliged to throw in a liberal supply 
of fuel to bring it up again. 

Another less frequently noticed fact, due, no doubt, in a great measuro 
to the immobility of the air, is, that sounds are transmitted to incredible 
distances in the unbroken forest Many instances of this have fallen under 
my own observation, and others, yet more striking, have boon related to 
me by credible and competent witnesses familiar with a more primitive 
condition of the Anglo-Amerioon world. An acute observer of natural 
phenomena, whoso childhood and youth were spent in the interior of one 
of the newer New England States, has often told me that when he estab¬ 
lished his home in tho forest, he always distinctly heard, in still weather, 
the plash of horses’ feet, when they forded a small brook nearly seven- 
eighths of a mile from his house, though a portion of the wood that inter¬ 
vened consisted of a ridge seventy or eighty feet higher than either the house 
or the ford. 

I have no donbt that, in such cases, the stillness of the air is the most 
important element in the extraordinary transmissibility of sound; but it 
must be admitted that the absenoe of the multiplied and oonfused noises, 
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Tho action of the forest, considered merely as a mechanical 
shelter to grounds lying to tho leeward of it, might seem to be 
an influence of too restricted a character to deserve much 
notice; but many facts concur to show that it is a most import¬ 
ant element in local climate. 


which accompany human industry iu countries thickly peopled by man, 
contributes to tho same result. We bccomo, by habit, almost insensible to 
the familiar and never-renting voicos of civilization in oitics and towns; 
but the indistinguishable drono, which sometimes escapes oven tho- our of 
him who listens for it, deadens and often quito obstructs the transmission 
of sounds which would othorwiso bo clearly audible. An observer, who 
wishes to approoiate that hum of civio life which ho cannot analyst), will 
find an excellent opportunity by placing himself on the hill of Capo dl Aibnto 
at Naples, in the lino of prolongation of tho street called Spaccanapoli. 

It is probably to the stillness of which I have spoken that wo. aro to 
ascribe the transmission of sound to great distances at sea in calm weather. 
In June, 1853, I and my family were passengers on board a ship-of-war 
bound up the .ZEgean. On tho evening of tho 27th of that mouth, as wo 
woro discussing, at the toa-tablo, sorao observations of Humboldt on this 
subject, the captain of tho ship told us that ho had onco heard a single gun 
at soa at tho distanco of ninety nautical miles. Tho next morning, though 
a light broozo had sprung up from tho north, tho sea was of glassy smooth¬ 
ness when we went on deck. As wo camo up, an officer told us that he 
had hoard a gun at sunriso, and the convolution of tho provious evening 
suggested the inquiry whether it could havo been fired from tho combinod 
French and English fleet thon lying at Bcohika Hay. Upon examination 
of our position wo were found to havo been, at sunriso, niucty sea miles 
from that point. We continued beating up northwards, nnd between sun- 
riso and twelvo o'clock meridian of tho 28th, we had mado twelvo miles 
northing, reducing our distanco from Boshika Hay to seventy-eight sea 
miles. At noon wo heard 60 vcral guns so distinctly that wo woro ablo to 
count tho numbor. On tho 20th wo camo up with tho (loot, and leuraod 
from an officer who came on board that a royal salute had been firod at 
noon on the 28th, in honor of tho day as tho anniversary of tho Quoon of 
England's coronation. Tho report at sunriso was ovidently the morning gun, 
those at noon tho saluto. 

Such eases aro rare, hocauso tho sea is seldom still, and tho icvfidrup 
iurfpi&jioy yi\a<ffia rarely silent, over so great a space as ninety or oven seventy- 
eight nautical milos. I apply tho epithet silent to ylKatrfia advisedly. I am 
oonvinood that ^sohylus meant tho audiblo laugh of tho waves, whioh is in¬ 
deed of countless multiplicity, not tho visible smile of tho sea, whioh, belong* 


ing to the great expanse as one impersonation, is singlo, though, like the 
human smile, made-up of the play of many foaturos. 
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It is evident that the effect of the forest, as a mechanical 
impediment to the passage of the wind, would extend to a very 
con&idorable distance above its own height, and hence protect 
while standing, or lay open when felled, a much larger surface 
than might at first thought be supposed. The atmosphere, 
movable as are its particles, and light and elastic as are its 
masses, is nevertheless held together as a continuous wholo by 
the gravitation of its atoms and their consequent pressure on 
each other, if not by attraction between them, and, therefore, 
an obstruction which mechanically impedes the movement of a 
given stratum of air will retard the passage of the strata abovo 
and below it. To this effect may often be added that of an 
ascending current from the forest itself, which must always 
exist when the atmosphere within the wood is warmer than the 
stratum of air above it, and must be of almost constant occur¬ 
rence in the case of cold winds, from whatever quarter, because 
tho still air in the forest is slow in taking up the temperature 
of tho moving columns and currents around and abovo it. Ex¬ 
perience, in fact, has shown that more rows of trees, and even 
much lower obstructions, are of essential service in defending 
vegetation against the action of tho wind. Hardy proposes 
planting, in Algeria, belts of trees at tho distance of ono hun¬ 
dred mitres from each other, as a shelter which experience had 
proved to be useful in France.* “ In tho valley of tho Rhone,” 
says Bccquerol, “ a simple hedge, two mitres in height, is a suf¬ 
ficient protection for a distance of twenty-two mctros.”t Tho 
mechanical shelter acts, no doubt, chiefly as a defence against 


* Becquerel, Dei OUmaU , eto., p. 170. f Ibid., p. 11$. 

Becquerel’s views have been amply oonflrmed by reoent extensive experiments 
on the bleak, stony, and desolate plain of the Oran in the Department of the 
Bonohes-du-Rhone, which had remained a naked waste from tho earliest 
ages of history. Belts of trees prove a seonre protection even against the 
furious and ohilly blasts of the Mistral, and in this shelter plantations of fruit* 
trees and vegetables, fertilised by the waters and the slime of the Duranoe, 
which are ooudueted and distributed over the Oran, thrive with the greatest 
luxuriance. 

Surell, Jttud* eur lei Torrent#, 9d edition, 1878,11, p. 85. 
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the mechanical force of the wind, but its uses arc by no means 
limited to this effect. If the current of air which it resists 
moves horizontally, it would prevent the access of cold or parch¬ 
ing blasts to the ground for a great distance; and did the wind 
even descend at a large anglo with the surface, still a consider¬ 
able extent of ground would be protected by a forest to the 
windward of it. 

In the report of a committee appointed in 1S36 to oxamine 
an article of the forest code of France, Arago observes: “ If a 
curtain of forest on tho coasts of Normandy and of Brittany 
were destroyed, these two provinces would become accessible to 
the winds from tho west, to tho mild breezes of the sea. Hence 
a decrease of tho cold of winter. If a similar forest were to 
be cleared on the eastern border of France, the glacial east 
wind would provail with greater strength, and tho winters 
would become more severe. Thus tho removal of a bolt of 
wood would produco opposite effects in tho two regions.” * 

This opinion receives confirmation from an observation of 
Dr. Dwight, who remarks, in reference to the woods of New 
England: “Another effect of removing tho forest will bo tho 
freo passago of tho winds, and among them of tho southern 
winds, over tho surface. This, I think, has been an increasing 
fact within my own remembrance. As tho cultivation of the 
country has extonded farther to tho north, tho wiuds from the 
south havo reached distances more roinoto from tho ocean, and 
imparted thoir warmth frequently, and in such degrees as, 
forty years sinco, wero in tho same places vory littlo known. 
This fact, also, contributes to lengthon tho summor aud to 
shorton tho winter half of tho year.” f 

It is thought in Italy that the clearing of tho Apennines 
has very materially affected the climate of tho valley of the 
Po. It is asserted in Le Alpi che cingono VItalia that: “In 
consequence of the felling of the woods on the Aponninos, the 
sirocco prevails greatly on the right bank of tho Po, in the 

* Bkcquerel, Da OUmaU , eta., DUcourt PriUtn, $ vi. 

t Travels , L, p. St 
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Parmesan territory, and in a part of Lombardy; it injures the 
harvests and the vineyards, and sometimes ruins the crops of the 
season. To the same cause many ascribe the meteorological 
changes in the precincts of Modena and of Reggio. In the 
communes of these districts, where formerly straw roofs resisted 
the force of tlio winds, tiles are now hardly sufficient; in others, 
where tiles answered for roofs, largo slabs of stone are now 
ineffectual; and in many neighboring communes the grapes 
and the grain are swept off by the blasts of the south and 
south-west winds.” 

According to the same authority, the pinery of Porto, near 
Ravenna—which is twenty miles long, and is one of the oldest 
pine woods in Italy—having been replanted with resinous trees 
after it was unfortunately cut, has relieved the city from the 
sirocco to which it had become exposed, and in a great degree 
restored its ancient climate.* 

The felling of the woods on the Atlantic coast of Jutland 
has exposed the soil not only to drifting sands, but to sharp sea- 
winds, that have exerted a sensible deteriorating effect on the 
climate of that peninsula, which has no mountains to serve at 
once as a barrier to the force of the winds, and as a storehouse of 
moisture received by precipitation or condensed from atmos¬ 
pheric vapors, f 

* L* Alpi die cingono Vitaliy pp. 870, 87 J. 

f Beros^e, Revcntlovs Virksomhed , ii., p. 125. 

Tho following well-attested instanco of a local change of olimate is probably 
to be referred to tho influence of the forest as a shelter against cold winds. To 
supply the extraordinary demand for Italian iron occasioned by tho exclusion of 
English iron in the time of Napoleon I., the furnaces of the valleys of Borgamo 
were stimulated to great activity. “ Tho ordinary produotiou of charcoal not 
sufficing to feed the farnooes and the forges, the woods were felled, the copses 
cut before thoir timo, and the whole economy of the forest was deranged. At 
Piazzatorre there was such a devastation of tho woods, and consequently such 
on increased severity of olimate, that maize no longer ripened. An associa¬ 
tion, formed for the purpose, effected the restoration of tho forest, and maize 
flourishes again in the fields of Piazzatorre.”—Report by G. Rosa, in 11 Politer 
nice, Dioembre, 1801, p. 014. 

Similar ameliorations have been produoed by plantations in Belgium. In 
an interesting series of articles by Baude, entitled, %l Les GOtes de la Manche,” 
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The local retardation of spring, so much complained of in 
Italy, France, and Switzerland, and the increased frequency of 
late frosts at that season, appear to be ascribable to the admis¬ 
sion of cold blasts to the surface, by the foiling of the forests 
which formerly both screened it as by a wall, and communi¬ 
cated the warmth of their soil to tho air and earth to the leeward. 
Caimi states that since the cutting down of the woods of the 
Apennines, tho cold winds destroy or stunt the vegetation, 
and that, in consequence of “ tho usurpation of winter on tho 
domain of spring,” the district .of Mugello has lost all its mul¬ 
berries, except tho few which find in tho lee of buildings a pro¬ 
tection like that once furnished by the forest.* 

The department of Ardeche, which now contains not a singlo 
considerable wood, 1ms experienced within thirty years a climatic 
disturbance, of which tho late frosts, formerly unknown in tho 
country, are one of the most melancholy effects. Similar results 
have been observed in the plain of Alsace, in conscqueuce of 
the denudation of several of tho crests of tho Vosgcs.f 

Dussard, as quoted by Ribbo,^ maintains that oven the 


in tho Revue de « Deux Jfondcs, I find this statement: “ A spectator, placed on 
the famous boll-tower of tho cathedral of Antwerp, saw, not long 1 sinoo, on the 
oppoxito ftido of the Schcldo, only a vast desert plain; now he secs a forest, 
tho limits of which aro confounded with tho horizon. Lot him onter within 
its shade. The supposed forest is but a system of regular rows of troes, the 
oldest of which is not forty years of ago. Thcso plantations have ameliorated 
the climato which had doomed to storUity tho soil whoro they aro plauted. 
Whilo the tempest is violently agitatiug their top*, tho air a little below is 
still, and sands far more barren than tho plateau of La Ilaguo havo boon trans¬ 
formed, under their protection, into fortUo fields."— Revue do* Deux Jlondes, 
January, 18o9, p. 277. 

* Ccnni sulla ImporUtnza e Coltura dci Dosehi t p. 31. 

f Clav£, £tudc*i p. 44. 

It has boon observed in Sweden that the spring, in many districts where the 
forests have been cleared off, now comes on a fortnight later than in the last 
century. —Asiui'wxs&N, Om Slcoceno i Norge y p. 101. 

$ La Provence au point do cue doe Torrents ct dee lnondations , p 10. 

Dussard is doubtless historioaUy inaccurate in making the origin of the 
mistral so late as the time of Augustus. Diodorus Siculus, who was a con¬ 
temporary of Julius Cesar, describes the north-west winds in Gaul ss 
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miatraly or north-west wind, whose chilling blasts are so fatal 
to tender vegetation in the spring, “ is the child of man, the 
result of his devastations.” “ Under the reign of Augustus,” 
continues he, “the forests which protected the C4vennes were 
felled, or destroyed by fire, in mass. A vast country, before 
covered with impenetrable woods—powerful obstacles to the 
movement and even to the formation of hurricanes—was sud¬ 
denly denuded, swept bare, stripped, and soon after, a scourge 
hitherto unknown, struck terror over the land from Avignon 
(o (lie JloMuhMulU'lthonu, jhoumi Ut Afumdlh's, uml then ex* 
tended its ravages, diminished indeed by a long careor which 
had partially exhausted its force, over the whole maritime 
frontier. The people thought this wind a curse sent of God. 
They raisod altars to it and offered sacrifices to appease its 
rage.” It seems, however, that this plague was less destruc¬ 
tive than at present, until the close of the sixteenth century, 
when further clearings had removed most of the remaining 
barriers to its course. Up to that time, the north-west wind 
aj^pears not to have attained to the maximum of specific effect 
which now characterizes it as a local phenomenon. Extensive 
districts, from which the rigor of tho seasons has now banished 
valuable crops, were not then exposed to the loss of their har¬ 
vests by tempests, cold, or drought. Tho deterioration was 
rapid in its progress. Under the Consulate, tho clearings had 
exerted so injurious an effect upon tho climate, that tho culti¬ 
vation of the olive had retreated several leagues, and since tho 
winters and springs of 1820 and 1S36, this branch of rural 
industry has been abandoned in a great number of localities 
where it was advantageously pursued before. The orange 
now flourishes only at a few sheltered points of the coast, and 
it is threatened even at HyAres, whero the clearing of the 

violent enough to hurl along stones as large as the fist with blonds of sand 
and gravel, to strip travellers of their arms and clothing, and to throw mounted 
men from their horses. Bibliotheca Hutorioa, lib. v., o. xxvi Diodorus, it 
is true, is speaking of the olimate of Gaol in general, but his description oan 
hard]/ refer to anything but the mittral of South-eastern France. 
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liills near the town has proved very prejudicial to this valu¬ 
able tree. 

Marchand informs us that, sinco the felling of the woods, 
late spring frosts are more frequent in many localities north 
of the Alps; that fruit-trees thrive no longer, and that it is 
difficult oven to raise young fruit-trees.* 

Influence of tho Forest, considered as Inorganic Matter , on 
Temperature * 

Tho evaporation of fluids, and tho condensation and expan¬ 
sion of vapors and gases, nro attended with changes of tompor- 
aturc; and the quantity of moisture which the air is capable o£ 
containing, and of course, other things being equal, tho evapo¬ 
ration, rise and fall with the thermometer. Tho hygroscopical 
and tho thermoscopical conditions of tho atmosphere are, there¬ 
fore, inseparably connected as reciprocally dependent quantities, 
and neither can bo fully discussed without taking notice of 
tho other. The leaves of living trees exhale enormous quan¬ 
tities of gas and of aqueous vapor, and they largely absorb 
gases, and, under certain conditions, probably also water. 
Hence they affect more or less powerfully the temperature as 
well as tho humidity of tho air. But tho forest, regarded 
purely os inorganic matter, and without reference to its living 
processes of absorption and exhalation of gases and of water, 
has, us an absorbent, a radiator and a conductor of heat, and as 
a mere covering of tho ground, an influence on tho temperature 
of tho air and the earth, which may bo considered by itself. 

Absorbing and Emitting Surface . 

A given area of ground, as estimated by tho eveiy-day rule 
of measurement in yards or acres, presents always tho same 

* Uebcr die Eatwaldung der Oebirge , p. 28. 

Interesting foots and observations on this point will be found In the valuable 
Report on Vie Ejfects of the Destruction of Vie Forests in Wisconsin, by Lafiuic 
and others, pp. 0,18,20. 
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apparent quantity of absorbing, radiating, and reflecting sur¬ 
face; but the real extent of that surfaco is very variable, 
depending, as it does, upon its configuration, and the bulk aud 
form of the adventitious objects it bears upon it; and, besides, 
the true superficies remaining the same, its power of absorp¬ 
tion, radiation, reflection, and conduction of heat will be much 
affected by its consistence, its greater or less humidity, and its 
color, as well as by its inclination of plane and exposure. An 
aero of clay, rolled hard and smooth, would have great rcflcct- 
ing power, but its radiation would bo much increased by break¬ 
ing it up into clods, because the actually exposed surfaco would 
be greater, though the outline of the field remained the same. 
The inequalities, natural or artificial, which always occur in the 
surface of ordinary earth, affect in the same way its quantity of 
superficies acting upon the temperature of the atmosphere, 
and acted on by it, though the amount of this action and reac¬ 
tion is not susceptible of measurement. 

Analogous effects are produced by other objects, of whatever 
form or character, standing or lying upon the earth, and no 
solid can be placed upon a fiat piece of ground, without itself 
exposing a greater surface than it covers. This applies, of 
course, to forest trees and their leaves, and indeed to all vegeta¬ 
bles, as well as to other prominent bodies. If we supposo 
forty trees to bo planted on an acre, one being situated in the 
centre of every square of two rods the side, and to grow until 
their branches and leaves everywhere meet, it is evident that, 
when in full foliage, the trunks, branches, and leaves would 
present an amount of thcrmoscopie surfaco much greater than 
that of an acre of bare earth; and besides this, the fallen leaves 
lying scattered on the ground, would 6omewlmt augment the 
sum-total.* On the other hand, tho growing leaves of trees 
generally form a succession of stages, or, loosely speaking, 

* 44 The Washington elm at Cambridge—a tree of no extraordinary size—woe 
some years ago estimated to produce a crop of seven mUlions of leaves, ex¬ 
posing a surface of two hundred thousand square feet, or about five acres of 
foliage. ’’—Gray, First Lessons in Botany and Vegetable Physiology, 
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layers, corresponding to the annual growth of the branches, 
and more or less overlying each other. This disposition of 
the foliage interferes with that free communication between 
6uii and sky abovo, and lcaf-surfaco below, on which the 
amount of radiation and absorption of heat depends. From all 
these considerations, it appears that though the effective thor- 
moscopio surface of a forest in full leaf does not exceed that of 
bare ground in the same proportion as docs its measured super- 
fic'cs, yet the actual quantity of area capable of receiving and 
emitting heat must bo greater in the former than in the lattor 
case.* 

It must further bo remembered that tho form and texture of 
a given surface are important elements in determining its 
tlionnoscopic character. Leaves uro porous, and admit air and 
light more or less freely into tlioir substance ; they are gener¬ 
ally 611100 th and even glazed on one surface ; they aro usually 
covered on one or both sides with spicula, and they very com¬ 
monly present one or more acuminated points in their outline 
—all circumstances which tend to augment their power of 
emitting heat by reflection or radiation. Direct experiment on 
growing trees is very difficult, nor is it in any ca6o practicable 
to distinguish how far a reduction of temperaturo produced by 
vegetation is duo to radiation, and how far to exhalation of tho 
gaseous and watery fluids of tho plant; for both processes 
usually go on together. But the f rigor! fie effect of leafy struc¬ 
ture is well observed in tho deposit of dew and the occurrence 
of hoarfrost on tho foliago of grasses and other small vegetables, 
and on other objects of similar form and consistence, when the 
temperature of tho air a few feet abovo has not been brought 
down to tho dow-point, still less to 32°, tho degree of cold re¬ 
quired to congeal dow to frost.f 


* See, on this particular point, and on the general inlluonco of tho forest on 
temperaturo, Humboldt, Antichtin dcr Xatur, i., l->3. 

f The leaves and twigs of plants may be reduced by radiation to a tompora- 
tuvo lower than that of the ambient atmosphere, and ovon be frozon when tho 
Air in contact with thorn is abovo 32 \ Their temporature may bo communicated 
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We are also to take into account the action of the forest as a 
conductor of heat between the atmosphere and the earth. In 
the most important countries of America and Europe, and es¬ 
pecially in thoso which have suffered most from the destruction 
of the woods, the superficial strata of the earth are colder in 
winter, and warmer in summer, than those a few inches lower, 
and their shifting temperature approximates to the atmospheric 
mean of the respective seasons. The roots of large trees pene¬ 
trate beneath the superficial strata, and reach earth of a nearly 
constant temperature, corresponding to the moan for the entire 
year. As conductors, thoy convoy the heat of the atmosphere to 
the earth when the earth is colder than the air, and transmit it 
in the contrary direction when the temperature of the earth is 
higher than that of the atmosphere. Of course, thon, as con¬ 
ductors, they tend to equalize the temperature of the earth and 
the air. 

In countries where the questions I am considering have the 
greatest practical importance, a very large proportion, if not 
a majority, of the trees are of docidnous foliage, and their radi¬ 
ating as well as their shading surface is very much greater in 
summer than in winter. In the latter season, they little obstruct 
the reception of heat by the ground or the radiation from it; 


to the dew deposited on them and thus this dew be converted into frost whon 
globules of watery fluid floating in the atmosphere near them, in the oondition 
of fog or vapor, do not become congealed. 

It has long been known that vegetables can be protected against frost by 
diffusing smoke through the atmosphere above them. This mothod has boon 
lately practised in France on a large scale: vineyards of forty or fifty acres have 
been protected by plaoing one or two rows of pots of burning coal-tar, or of 
naphtha, along the north side of the vineyard, and thus keeping up a cloud of 
•moke for two or three hours before and after sunrise. The expense is said 
to be small, and probably it might be reduoed by mixing some less oombusti* 
ble substance, as earth, with the fluid, and thus oheoking its too rapid burning. 

The radiating and refrigerating power of objects by no moans depends on 
their form alone. Mellon! out sheets of metal into the shape of leaves and 
grasses, and found that they produoed little oooling effect, and were not mois¬ 
tened under atmospheric conditions which determined a plentiful deposit of 
dew on ths leaves of vegetables. 
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whereas, in the former, they often interpose a complete canopy 
between the ground and the 6ky, and materially interfere with 
both processes. 


Dead Products of Trees . 

Besides this various action of standing trees, considered as in¬ 
organic matter, the forest exercises, by the annual moulting of 
its foliage, still another influence on the temperature of tko 
earth, and, consequently, of the atmosphere which rests upon it. 
If wo examine the constitution of the superficial soil in a primi¬ 
tive or an old and undisturbod artificially plantod wood, wo 
find, first, a deposit of undecaycd leaves, twigs, and 6ceds, lying 
in looso layers on the surface; then, more compact beds of tho 
6ame materials in incipient, and, as wo descend, xnoro and moro 
advanced, stages of decomposition; then, a mass of black mould, 
in which traces of organic structure aro hardly discoverable 
except by microscopic examination; then, a stratum of mineral 
soil, moro or less mixed with vegetable matter carried down 
into it by water, or resulting from the decay of roots; and, 
finally, the inorganic earth or rock itself. Without this deposit 
of tho dead products of trees, this latter would bo tho superfi¬ 
cial stratum, and os its powers of absorption, radiation, and con* 
Auction of heat would differ essentially from those of tho layers 
with which it lias boon covered by tho droppings of tho forest, 
it would act upon tho temperature of the atmosphoro, and bo 
acted on by it, in a very different way from the leaves and 
mould which rest upon it. Dead leaves, still entire, or partially 
decayed, aro very indifferent conductors of heat, and, therefore, 
though they diminish tho wanning influence of tho summor 
sun on tho soil bolow them, they, on tho other hand, prevent the 
escape of heat from that soil in winter, and, consequently, in 
cold climates, even when the ground is not covered by a pro¬ 
tecting mantle of snow, the earth docs not freozo to as great a 
depth in the wood as in tho open field. 
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Specific Seat. 

Trees, considered as organisms, produce in themselves, or in 
the air, a certain amount of heat, by absorbing and condensing 
atmospheric gases, and they exert an opposite influence by 
absorbing water and exhaling it in the form of vapor; but 
there is still anothor mode by which thoir living processes may 
warm the air around them, independently of the thormomctric 
effects of condensation and evaporation. The vital heat of a 
dozen persons raises the temperature of a room. If trees pos¬ 
sess a specific temperature of their own, an organic power of 
generating heat like that with which tho warm-blooded ani¬ 
mals are gifted, though by a different process, a certain amount 
of weight is to be ascribed to this element in estimating the 
action of tho forest upon atmospheric temperature. 

Boussingaulfc remarks: “In many flowers there has been 
observed a very considerable evolution of heat, at tho approach 
of fecundation. In certain arums the temperature rises to 40° 
or 50° Cent. [= 104° or 122° Fahr.] It is very probable that 
this phenomenon is general, and varies only in tho intensity 
with which it is manifested.” * 

If wo suppose the fecundation of tho flowers of forest trees 
to bo attondod with a tenth only of this calorific power, they 
could not fail to exert an important influence on the warmth 
of tho atmospheric strata in contact with them. 

Experiments by Meguscher, in Lombardy, led that observer 
to conclude “ that the wood of a living tree maintains a tem¬ 
perature of + 12° or 18° Cent. [= 54°, 56° Fahr.] when the 
temperature of the air stands at 8°, 7°, and 8° [= 87°, 40°, 
47° F.] above zero, and that the internal wannth of the tree 
does not rise and fall in proportion to that of the atmosphere. 
So long as the latter is below 18° [= 67° Fahr.], that of tho 
tree is always the highest; but if the temperaturo of the air 
rises to 18°, that of the vegetable growth is the lowest Since, 


• iconomk Rurale, 1., p. 22. 
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then, trees maintain at all seasons a constant moan tempera¬ 
ture of 12° [= 54° Fahr.], it is easy to see why the air in con¬ 
tact with the forest must be warmer in winter, cooler in sum¬ 
mer, than in situations where it is deprived of that influence.”* 

ProfessorIlenry says: “As a general deduction from chemi¬ 
cal and mechanical principles, wo think no change of tempera¬ 
ture is ever produced where the actions belonging to one or 
both of these principles are not present. Ilenco, in midwinter, 
when all vegetable functions are dormant, wo do not bolievo 
that any heat is developed by a tree, or that its interior differs 
in temperature from its exterior furthor than it is protected 
from tho external air. The experiments which have boon 
made on this point, we think, have been directod by a false 
analogy. During tho active circulation of tho sap and tho pro¬ 
duction of now tissue, variations of temporaturo belonging ex¬ 
clusively to the plant may be observed; but it is inconsistent 
with general principles that heat should be gouorated whero 
no change is taking place.” f 

Thero can bo no doubt that moisture is given out by trees 
and evaporated in extremely cold winter weather, and unless 
new fluid were supplied from tho roots by tho exorciso of 
some vital function, the tree would bo exhausted of its juices 
beforo winter was over. But this is not observed to bo tho 


* Mcmovia tur Jhtcld delta Lombardia, p. 45. 

The results of recent experiments by Booquorel do not accord with thoso 
obtained by Meguscher, and tho former eminent physicist holds that 44 a troe 
is warmed in the air liko any inert body.” At tho samo time he asserts, as a 
fact well ascertained by experiment, that 44 vegetables possess in themselves 
the powor of resisting extreme cold for a certain length cf time, . . . • 

and hence it Is believed that thero may exist in tho organism of plants a force, 
independent of tho conduction of caloric, which resists a degree of oold above 
the freozing-point” In a following page he cites observations mado by 
Bugeaad, under the parallel of 58' N. L., between the months of November 
and June, during most of which time, of course, vegetable life was in iti 
deepest lethargy. Bugeaud found that when the temporaturo of the air was 
at —84*.CO, that of a poplar was only at —20*.70, whioh certainly confirms 
tho doctrine that trees exercise a certain internal rosistanoo against oold. 
t United States Patent Office Report tor 1857, p. 504. 
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fact, and, though the point is disputed, respectable authorities 
decluro that “wood felled in the depth of winter is the heaviest 
and fullest of sap. ,,# Warm weather in winter, of too short 
continuance to affect the temperature of the ground sensibly, 
stimulates a free flow of sap in the maple. Thus, in the last 
week of December, 1SC2, and the first week of January, 18C3, 
sugar was made from that tree in various parts of New Eng¬ 
land. “ A single branch of a tree, admitted into a warm room 
in winter through an aperture in a window, opened its buds 
and developed its leaves, while the rest of the tree in the exter¬ 
nal air remained in its winter sleep.” f Like facta aro matter 
of every-day observation in graperies where the vine is often 
planted outside the wall, the stein passing through an aperture 
into the warm interior. The roots, of course, stand in ground 
of tho ordinary winter temperature, but vegetation is developed 
in the branches at tho pleasure of tho gardener. The roots of 
forest trees in temperate climates remain, for tho most part, 
in a moist soil, of a temperature not much below tho annual 
mean, through tho whole winter; and we cannot account for 
the uninterrupted moisture of the tree, unless wo suppose that 
the roots furnish a constant supply of water. 

Atkinson describes a ravine in a valley in Siberia, which was 
filled with ice to the depth of twenty-five feet. Poplars were 
growing in this ico, which was thawed to the distance of somo 
inches from tho stem. But the surface of tho soil beneath it 
must have remained still frozen, for tho holes around tho trees 
were full of water resulting from its melting, and this would 
have escaped below if the ground had been thawed. In this 
case, although the roots had not thawed the thick covering of 
earth above them, the trunks must have melted the ice in con¬ 
tact with them. The trees, when observed by Atkinson, were 
in full leaf, but it does not appear at what period the ice around 
their stems had melted. 

From these facts, and others of the like sort, it would 
seem that “ all vegetable functions are 99 not absolutely “ dor- 
• BottXANLSB, Dtr TToW, p. 168. f Ibid., p. 100. 
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mant” in winter, and, therefore, that trees may give out some 
heat even at that season.* 

It docs not appear that observations have been made on the 
special point of the development of heat in forest trees during 
Aerification, or at any other period of intense vital action; and 
hence an important element in the argument remains undeter¬ 
mined. The u circulation of the sap ” commences at a very 
early period in the spring, and the temperature of tho air in 
contact with trees may then be sufficiently affected by heat 

* All evergreens, even the broad-leaved trees, resist frosts of extraordinary 
severity better than the deoiduous trees of tho same olimates. Is not this 
because the vital processes of trees of porsistent foliago are loss interrupted 
during winter than those of trees which annually shed tlioir loaves, and that 
therefore moro organic heat is developed ? 

In crossing Mont Cenis in October, 18G0, when the leaves of tho larohes on 
tho northern slope and near tho top of tho mountain were ontiroly dead and 
turned brown, I observed that these trees woro completely whito with hoar¬ 
frost. It was a wonderful sight to seo how every loaf was covorcd with a 
delicate deposit of frozen aqueous vapor, which gavo tho effeot of the most 
brilliant silver. On tho other hand, tho evergreen coniform, which wero grow¬ 
ing among the larches, and thereforo in the samo conditions of exposure, were 
almost entirely free from frost. Tho contrast between tho verdure of the 
leaves of tho evergreens and the crystalline splendor of tlioso of the larohes 
was strikingly beautiful. Was this fact duo to a difference in the color and 
8tructuro of tho leaves, or rather is it a proof of a vital force of resistanoe to 
cold in the living foliage of the evorgrecn tree ? 

Tho low temperaturo of air and soil at which, in the frigid zono, as woU as 
in warmor latitudes under special circumstances, the processes of vegetation go 
on, scorns to necessitate tho supposition that all the manifestations of vegeta¬ 
ble lifo are attended with an evolution of heat In tho United States it is 
oommon to protect ice, in ico-houses, by a covering of straw, which naturally 
sometimes contains kernels of groin. Thcso ofton sprout, and even throw out 
roots and leaves to a considerable length, in a temperaturo vory little abovo 
the freezing-point. Three or four years since I saw a lump of vory dear and 
apparently solid ioe, about eight inches long by six thick, on whioh a kernel of 
grain had sprouted in an ice-house, and sont half a dozen or more very slender 
roots into tho pores of the ioe and through the whole length of tho lump. The 
young plant must have thrown out a considerable quantity of heat; for though 
the ioe was, as I have said, otherwise solid, the pores through whioh tho roots 
passed were enlarged to perhaps double the diameter of the fibres, but still 
not so much as to prevent the retention of water in them by capillary attrac¬ 
tion. 
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evolved in the vital processes of vegetation, to raise the thermo- 
metric mean of wooded countries for that season, and, of course, 
for the year. The determination of this point is of much greater 
importance to vegetable physiology than the question of the 
winter temperature of trees, because a slight increment of heat 
in the trees of a forest might so affect the atmosphere in con¬ 
tact with them os to make possible the growing of many plants 
in or near the wood which could not otherwise be reared in 
that climate. 

The evaporation of the juices of trees and other plants is 
doubtless their most important thermoscopic function, and as 
rocont observations lead to the conclusion that the quantity of 
moisture exhaled by vegetables has been hitherto underrated, 
wo must ascribe to tin's element a higher valuo than has been 
usually assigned to it as a meteorological influence. 

The exhalation and evaporation of the juices of trees, by 
whatever process effected, take up atmospheric heat and pro¬ 
duce a proportional refrigeration. Tliis effoct. is not less real, 
though to common observation less sensible, in the forest than 
in meadow or pasture land, and it cannot bo doubted that the 
local temperature is considerably affected by it. But the 
evaporation that cools the air diffuses through it, at the same 
time, a medium which poworfully resists the escape of heat 
from the earth by radiation. Visible vapors, fogs and clouds, 
it is well known, prevent frosts by obstructing radiation, or 
rather by reflecting back again the heat radiated by the earth, 
just as any mechanical screen would do. On the other hand, 
fogs and clouds intercept the rays of the sun also, and hinder 
its heat from reaching the earth. The invisible vapors given 
out by leaves impede the passage of heat reflected and radiated 
by the earth and by all terrestrial objects, but oppose much 
less resistance to the transmission of direct solar heat, and 
indeed the beams of the sun seem more scorchingwhen received 
through clear air charged with uncondensed moisture than 
after passing through a dry atmosphere. Hence the reduction 
of temperature by the evaporation of moisture from vegetation, 



TOTAL INFLUENCE OF TIIE FOREST ON TEMPERATURE. 177 

though sensible, is less than it would bo if water in tho gaseous 
state were as impervious to heat given out by the sun as to that 
emitted by terrestrial objects. 

Total Influence of the Forest on Temperature. 

It has not yet been found practicable to measure, sum up, 
and equate tho total influence of the forest, its processes and 
its products, dead and living, upon temperature, and investiga¬ 
tors difl'er much in their conclusions on this subject. It seems 
probable that in every particular case tho result is, if not deter¬ 
mined, at least so much modified by local conditions which are 
infinitely varied, that no general formula is applicable to the 
question. 

In tho report to which I referred on page 103, Gay-Lussac 
says: “ In my opinion we have not yet any positive proof tlmt 
tho forest has, in itself, any real influence on tho climate of a 
great country, or of a particular locality. By closely examin¬ 
ing the effects of clearing off tho woods, wo should perhaps 
find that, far from being an evil, it is an advantage; but these 
questions are so complicated when they are examined in a 
climatological point of view, that tho solution of them is very 
difficult, not to say impossible.” 

Becquerol, on tho other hand, considers it certain that in 
tropical climates tho destruction of tho forests is accompanied 
with an elevation of the mean temperature, and he thinks it 
highly probable that it has tho same effect in tho temperate 
zones. The following is the substanco of his remarks on this 
subject: 

“ Forests act os frigorific causes in three ways: 

“ 1. They shelter tho ground against 6olar irradiation and 
maintain a greater humidity. 

u 2. They produco a cutaneous transpiration by the leaves. 

u 3. They multiply, by tho expansion of their branches, the 
surfaces which are cooled by radiation. 

u These three causes acting with greater or less force, we 
12 
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must, in tLo study of the climatology of a country, take into 
account the proportion between the area of the forests and the 
surface which is bared of trees and covered with herbs and 
grasses. 

“ We should be inclined to believe, a priori, according to the 
foregoing considerations, that the clearing of the woods, by 
raising the temperature and increasing the dryness of the air, 
ought to react on climate. There is no doubt that, if the 
vast desert of the Sahara were to become wooded in the 
course of ages, the sands would cease to be heated as much as at 
the present epoch, when the mean temperature is twenty-nine 
degrees [Centigrade, = 85° Fahr.]. In that case, the ascend¬ 
ing currents of warm air would cease, or be less warm, and 
would not contribute, by descending in our latitudes, to 
soften the climate of Western Europe. Tims the clearing of 
a great country may react on the climates of regions more or 
less remote from it. 

<f The observations by Boussingault leave no doubt on 
this point. This writer determined the mean temperature of 
wooded and of cleared points, under the same latitude, and at 
tlio same elevation above the sea, in localities comprised be¬ 
tween the eleventh degree of north and the fifth degree of 
south latitude, that is to say, in the portion of the tropics near¬ 
est to the equator, and where radiation tends powerfully during 
the night to lower the temperature under a sky without 
clouds.” * 

The result of theso observations, which has been protty 
generally adopted by physicists, is that the mean temperature 
of cleared land in the tropics appears to bo about one degree 
Centigrade, or a little less than two degrees of Fahrenheit, 
above that of the forest. On page 147 of the volume just 
cited, Becquercl argues that, inasmuch as the same and some- 
times a greater difference is found in favor of tho open 
ground, at points within the tropics so elevated os to have a 
temperate or even a polar climate, we must conclude that the 
• BsoqusBEL, Da OUmaU , eto., pp. 180-141. 
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forests in Northern America exert a refrigerating influence 
equally powerful. But the conditions of the soil are so differ¬ 
ent in the two regions compared, that I think wo cannot, 
with entire confidence, reason from the one to the other, and 
it is much to be desired that observations bo mado on the 
summer and winter temperature of both the air and the ground 
in the depths of the North American forests, before it is too 
late. 

Recent inquiries havo introduced a new element into the 
problem of the inilucnco of the forest on tempornturo, or 
rather into the question of the thcrmometrical effects of its 
destruction. I refer to the composition of the 6oil in respect 
to its hygroscopieity or aptitude to absorb humidity, whether 
in a liquid or a gaseous form, and to the conducting powor of 
the particles of which it is composed. * 

* Composition, toxturo, and color of soil nro important olomenta to bo con¬ 
sidered in estimating- tho effects of the removal of tho forest upon its thormo- 
scopio action. 44 Experience has proved,” says Bccqucrol, 44 that wbon tho soil 
is bared, it becomes moro or less heated [ 1 ) 3 ' tho rays of tho sun] according to 
tho naturo and tho color of tho particles which composo it, and according to 
its humidity, and that, in tho rofrigoration resulting from radiation, we 
must toko into tho account tho conducting power of thoso particloa also. 
Other things being equal, siliceous and calcareous sands, oomparod in equal 
volumes with different argillaceous earths, with calcareous powder or dust, 
with humus, with arnblo and with garden earth, aro tho soils whioh loast 
conduct boat. It is for this reason that sandy ground, in summer, maintains 
ft high tomporaturo oven during tho night. Wo may henoo conoludo that 
when a sandy soil is stripped of wood, tho local temporatnro will bo raised. 
After tho sands follow successively argillaceous, arablo, and garden ground, 
then humus, which occupies tho lowest rank. 

44 Tho rotontivo powor of humus 1 a but half as groat as that of oaloarcous 
sand. We will add that the power of retaining boat is proportional to tho 
density. It lias also a relation to tho magnitude of tho particloa. It is for 
this reason that grouud covered with siliceous pebbles cools moro slowly than 
siliceous sand, and that pobbly soils aro best suited to tho cultivation of tho 
vino, bccausothoy advance the ripening of tho grapo moro rapidly than ohalky 
and clayey earths, whioh cool quiokly. Ilonco wo see that in examining tho 
calorifio effects of clearing forests, it is important to tako into account tho 
properties of the soil laid boro.”— Becquerul, Da Ctimats et da Sok boi*a % 
P. 137. 
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The hygroscopicity of humus or vegetable earth is much 
greater than that of any mineral soil, and consequently forest 
ground, whore humus abounds, absorbs the moisture of the 
atmosphere more rapidly and in larger proportion than common 
earth. The condensation of vapor by absorption develops 
heat, and consequently elevates the temperature of the soil 
which absorbs it, together with that of air in contact with tho 
surface. Yon Babo found the temperature of sandy ground 
thus raised from 08° to 80° F., that of soil rich in humus from 
68° to 88°. 

The question of the influence of the woods on temperature 
does not, in the present state of our knowledge, admit of precise 
solution, and, unhappily, the primitive forests are disappear- 
ing so rapidly before the axe of tho woodman, that we shall 
never be able to estimate with accuracy tho climatological 
action of the natural wood, though all tho physical functions of 
artificial plantations will, doubtless, one day bo approximately 
known. 

But tho value of trees as a mechanical screen to tho soil thoy 
cover, and often to ground far to the leeward of them, is most 
abundantly established, and this agency alone is important 
enough to justify extensive plantation in all countries which 
do not enjoy this indispensable protection. 


Influence of Forests as Inorganic on the Humidity of the 
Air and the Earth. 

The most important hygroscopic as well as tliermoscopio in¬ 
fluence of the forest is, no doubt, that which it exorcises on the 
humidity of the air and the earth, and this climatic action it 
exerts partly as dead, partly as living matter. By its interposi¬ 
tion as a curtain between the sky and the ground it both checks 
evaporation from the earth, and mechanically intercepts a certain 
proportion of the dew and the lighter showers, which would 
otherwise moisten the surface of the soil, and restores it to the 
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atmosphoro by exhalation; * while in heavier rains, the large 
drops which fall upon the leaves and branches are broken into 
smaller ones, and consequently strike the ground with less 
mechanical force, or are perhaps even dispersed into vapor 
without reaching it.f 


* Mangotti hod observed and described, in bis usual picturesque way, the 
retention of rain-water by the foliage and bark of trees, but I do not know 
that any attempts woro made to measure tho quantity thus intercepted before 
the experiments of Bccquorel, communicated to tho Acadomy of Boiouoos in 
18G0. These oxpcrlmcuts embraced threo series of observations continued 
respectively for periods of a yoar, a month, and two days. Aooording to 
Bocquorol's moQHuromonta, the quantity fulliugou bare and on wooded soil re* 
spectivoly was as 1 to 0.07; 1 to 0.5; and 1 to 0.0, or, in othor words, he 
found that only from flvo-tenths to sixty-seven hundredths of tho precipitation 
roachod tho ground. —CoiHjdes Rendu* tie rAcudnnic dm Sciences, 1800. 

It seomed, indcod, improbable that in rain-storms which last not hours but 
whole days in suooossion, so largo a proportion of tho downfall should oontinue 
to bo intorooptod by forost vogotation after tho loaves, tho bark, and tho wbolo 
framework of the trees were thoroughly wot, but tho oonolusions of this 
eminent physicist appear to have been gcuorally accepted until the very coroful 
experiments of Mathicu at the Forest-School of Nancy were made known. Tho 
observations of Matbiou woro mado in a plantation of dooiduous trees forty- 
two years old, and wero continued through tho entire years 1800, 1807, and 
1808. Tho result was that the precipitation in tho wood was to that in an 
open glade of sevoral acres near tho forest station as 043 to 1,000, and the 
proportion in each of the three years was nearly identical According to 
Hathiou, thon, only 57 thousandths or 5.7 per cent, of tho precipitation is in¬ 
tercepted by trees.—Sun ell, fitude sur Us Torrents , 2d od., ii., p. 08. 

By order of the Diroction of the Forests of the Canton of Borno, a series of 
experimoats on this subjoct was commonood at tho beginning of the year 
1800. During the first seven months of tho year (tho reports for which alone 
I have seen), including, of course, tho season when the foliage is most 
abundant, as well as that when it is thinnest, tho pluviometors in tho woods 
received only fifteen per oent less than those in tho open grounds in the 
vicinity.— Risler, in Revue da Eaux ct Forets, of 10th January, 1870. 

t We axe not, Indeed, to suppose that tho condensation of vapor and the 
evaporation of water aro going on in tho same stratum of air at the same time, 
or, in other words, that vapor is oondensod into rain-drops, and rain-drops 
evaporated, under the same conditions; but rain formed in one stratum may 
fall through another, where vapor would not bo oondensod. Two saturated 
strata of different temperatures may be brought into oontaot in the higher 
regions, snd discharge large rain-drops, which, if not divided by some obstruo- 
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The vegetable mould, resulting from the decomposition of 
leaves and of wood, servos as a perpetual mulch to forost-soil by 
carpeting the ground with a spongy covering which obstructs 
the evaporation from the mineral earth below,* drinks up the 
rains and melting snows that would otherwise flow rapidly 
over the surface and perhaps be conveyed to the distant sea, 
and then slowly gives out, by evaporation, infiltration, and per¬ 
colation, the moisture thus imbibed. The roots, too, penetrate 
far below the superficial soil, conduct water along their surface 
to the lower depths to which they reach, and thus by partially 
draining the superior strata, remove a certain quantity of mois¬ 
ture out of the reach of evaporation. 

The Forest as Organic. 

These are the principal modes in which the humidity of the 
atmosphere is affected by the forest regarded as lifeless matter. 
Let us inquire how its organic processes act upon this meteoro¬ 
logical element. 

The commonest observation shows that the wood and bark of 
living trees are always more or less pervaded with watery and 
other fluids, one of which, the sap, is very abundant in trees of 
deciduous foliage when the buds begin to swell and the leaves 
to develop themselves in the spring. This fluid is drawn prin¬ 
cipally, if not entirely, from the ground by the absorbent action 
of the roots, for'though Schocht and some other eminent botan¬ 
ical physiologists have maintained that water is absorbed by the 
leaves and bark of trees, yet most experiments lead to tho edi¬ 
tion, will reach the ground, though passing through strata whioh would vapor¬ 
ize them If they were in a state of more minute division. 

* The only direct experiments known to me on the evaporation from the 
surface of the forest are those of Mathieu.— Suukll, £tude sur las Torrents , 
2d ed., it, p. 00. 

These experiments were oontinued from Maroh to December, inclusive, of 
the year 18C8. It was found that during those months the evaporation from 
a recipient placed on the ground in a plantation of deoiduous trees sixty-two 
years old, was less than one-flfth of that from a recipient of like form and 
dimensions placed in the open oountry. 
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trary result, and it is now generally held that no water is taken 
in by the pores of vegetables. Late observations by CaillotoL 
in France, however, tend to the establishment of a new doctrine 
on this subject which solves many difficulties and will probably 
be accepted by botanists as definitive. Cailletct finds that 
under normal conditions, that is, when the soil is humid enough 
to supply sufficient moisture through the roots, no water is 
absorbed by the leaves, buds, or bark of plants, but when the 
roots are unable to draw from the earth tho requisite quantity 
of this fiuid, tho vegetable pores in contact with tho atmosphere 
absorb it from that source. 

Popular opinion, indeed, supposes that all tho vegetable fluids, 
during the entire period of growth, aro drawn from tho bosom 
of tho earth, and that tho wood and other products of tho tree 
arc wholly formed from matter held in solution in tho water 
abstracted by the roots from the ground. This is an error, for 
the solid matter of tho tree, in a certain proportion net impor¬ 
tant to our present inquiry, is received from tho atmosphere in 
a gaseous form, through the pores of the leaves and of the 
young shoots, and, as wo have just seen, moisture is sometimes 
supplied to trees by the atmosphere. Tho amount of water 
taken up by the roots, however, ia vastly greater than that im¬ 
bibed through the leaves and hark, especially at tho season 
when tho sap is most abundant, and when the leaves aro yot in 
embryo. Tho quantity of water thus received from tho air and 
the earth, in a single year, even by a wood of only a hundred acres, 
is very great, though experiments are wanting to furnish the 
data for even an approximate estimate of its measure; for only 
tho vaguest conclusions can be drawn from tho observations 
which have been made on tho imbibition and exhalation of 
water by trees and other plants reared in artificial conditions 
diverse from those of the natural forest.* 

* The experiment* of Hales ami others ou tho absorption and exhalation of 
vegetables are of high physiological interest; hut observations on sunflowers, 
cabbages, hops, and singlo branches of isolated treos, growing in artificially 
prepared soils and under artificial conditions, furnish no trustworthy t ata for 
computing the quantity of water rcceivod and giveu off by tho natural wood. 
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Flow of Sap. 

The amount of sap which can be withdrawn from living trees 
furnishes, not indeed a measure of the quantity of water sucked 
up by their roots from the ground—for we cannot extract from 
a tree its whole moisture—but numerical data which may aid 
the imagination to form a gcnoral notion of the powerful action 
of ihe forest as an absorbent of humidity from the earth. 

The only forest-tree known to Europe and North America, 
the sap of which is largely enough applied to economical uses 
to have made the amount of its flow a matter of practical impor¬ 
tance and popular observation, is the sugar maple, Acer succka- 
rinum , of the Anglo-American Provinces and States. In the 
course of a single ‘‘ sugar season,” which lasts ordinarily from 
twenty-five to thirty days, a sugar maple two feet in diameter 
will yield not less than twenty gallons of sap, and sometimes 
much more.* This, however, is but a trifling proportion of the 

* Emerson ( Tree* of Massachusetts, p. 403) mentions a maple six feet in 
diameter, as having yielded a barrel, or thirty-ono and a half gallons, of sap in 
twenty-four hours, and another, the dimensions of which are not stated, as 
having yielded ono hundrod and soventy-fivo gallons in the oourso of the sea¬ 
son. Tho Cultivator , an Amorioan agricultural journal, for June, 1842, states 
that twenty gallons of sap wore drawn in eightoen hours from a singlo maple, 
two and a half foot in diametor, in the town of Warner, Now Hampshire, and 
tho truth of this account has boen vended by personal inquiry made iu my 
behalf. This tree was of the original forest growth, and had been left standing 
when the ground around it was oloarod. It was tappod only every other yoar, 
and then with six or eight Incisions. Hr. Williams (History of Vermont. L, p. 
01) says: “A man much employed in making maple sugar, found that, for 
twenty-one days together, a maple-tree discharged seven and a half gallons 
per day.” 

An intelligent correspondent, of muoh experience in the manufaoture of 
maple sugar, writes me that a second-growth maple, of about two feet in 
diametor, standing in opon ground, tapped with four iuoisions, has, for several 
seasons, generaUy run eight gallons per day iu fair weather. He spooks of a 
vejy large tree, from which sixty gallons were drawn in the oourso of a sea¬ 
son, and of another, something more than three feet through, which mode 
forty-two pounds of wet sugar, and must have yielded not less than one hun¬ 
dred and fifty gallons. 
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water abstracted from the earth by the roots during this season; 
for all this fluid runs from two or three incisions or auger-holes, 
so narrow as to intercept the current of comparatively few sap 
vessels, and besides, experience shows that largo as is the quan¬ 
tity withdrawn from the circulation, it is relatively too small 
to affect very sensibly the growth of tho tree.* The number 
of largo maple-trees on an acre is frequently not less than 
fifty,t and of course tho quantity of moisture abstracted from 
the soil by this tree alono is measured by thousands of gallons 
to the acre. The sugar orchards, as they are called, contain also 
many young maples too small for tapping, and numerous other 
trees—two of which, at least, tho black birch, JJctulu lenta, 
and yellow birch, Uetula cxccha y both very common in tho same 
climate, are far more abundant in sap than tho maple £—are 
scattered among tho 6ugar-trces; for tho North American na¬ 
tive forests are remarkable for tho mixture of their crops. 

* Tupping docs not check tho growth, hut docs injure tho quality of tho 
wood of maples. The wood of trees often tipped is lighter and less dense 
than that of trees which have not been tapped, aud gives lens Lout iu burning. 
Xo dilfercnco bos been observed in the bursting of tho buds of tapped aud un¬ 
tapped trees. 

f Dr. Kush, in a letter to Jefferson, states tho number of maples fit for tap¬ 
ping on an aero at from thirty to fifty. 44 This," observes my cor. ospondont, 
44 is correct with regard to tho original growth, which is alwuys more or loss 
iutonnixed with other trees; but in second growth, composed of maples alone, 
the number greatly exceeds this. I have had tho maples on a quarter of an 
acic, which I thought about an average of second-growth 4 inapio orchards,* 
counted. Tho number was found to bo fifty-two, of which thirty-two were 
ton inches or more in diameter, aud, of courso, large enough to tap. This 
gives two hundred and eight trees to tho uoro, ono hundred aud twouty-oight 
of which wero of proper si/.o for tupping.*’ 

X Tho correspondent already referred to informs mo that a black birob, 
tapped about noon with two incisions, was found tho noxt morning to have 
yielded six toon gallons. Dr. Williams (Hi* Lory of Vermont , i., p. 01) says: 
44 A large birch, tapjwd in the spring, ran at tho rato of fivo gallons an hour 
when first tapped. Eight or nino days after, it was found to run at tho rate of 
about two and a half gallons an hour, and at tho end of fiftoen days the dis¬ 
charge continued in nearly the samo quantity. Tho sap continued to Hour for 
four or five weeks, and it was the opinion of tho observers that it must have 
yielded as muoh as sixty barrels [1,890 gallons].’* 
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Tho sap of tho maple, and of other trees with deciduous leaves 
which grow in the same climate, flows most freely in the early 
spring, and especially in clear weather, when the nights are 
frosty and the days warm; for it is then that the melting 
snows supply tho earth with moisture in the justest proportion, 
and that the absorbent power of tho roots is stimulated to its 
highest activity. 

When the buds are ready to burst, and tho green leaves begin 
to show themselves beneath their scaly covering, the ground 
has become drier, the absorption by the roots is diminished, and 
tho 6ap, being immediately employed in tho formation of tho 
foliage, can be extracted from the stem in only small quan¬ 
tities. 


Absorption and Exhalation by Foliage. 

Tho leaves now commence tho process of absorption, and im¬ 
bibe both uncombined gases and au unascertained but probably 
inconsiderable quantity of aqueous vapor from tho humid atmos¬ 
phere of spring which bathes them. 

Tho organic action of tho tree, as thus far described, tends to 
the desiccation of air and earth ; but when wo consider what 
volumes of water aro daily absorbed by a largo tree, and how 
small a proportion of tho weight of this fluid consists of matter 
which, at tho period when tho flow of sap is freest, enters into new 
combinations, and becomes a part of tho solid framework of tho 
vegetable,or a component of its deciduous products, it becomes 
evident that the superfluous moisture must somehow be carried 
back again almost as rapidly as it flows into the tree. At tho 
very commencement of vegetation in spring, some of this fluid 
certainly escapes through the buds, tho nascent foliage, and the 
pores of the bark, and vegetable physiology tolls us that thcro 
is a current of sap towards tho roots as well as from them.* 1 

• “ The elaborated sap, poising out of tho leaves, is received into tho inner 
bark, • • * and a part of what desoends finds its way even to the ends of the 
roots, and is all along diffused laterally into the stem, where it meets and min- 
gloawith the aaoending orude sap or raw material. So there is no separato cir- 
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do not know that the exudation of water into tlio earth, through 
the bark or at the extremities of these latter organs, has beeu 
proved, but the other known modes of carrying off tho surplus 
do not seem adequato to dispose of it at tho almost leafless 
period when it is most abundantly received, and it is possiblo 
that the roots may, to some extent, drain as well as flood the 
water-courses of their stem. Later in tho season tho roots 
absorb less, and the now developed leaves exhale an increased 
quantity of moisture into the air. In any event, all tho water 
derived by tho growing tree from tho atmosphere and tho 
ground is parted with by transpiration or exudation, aftor 
having surrendered to tho plant tho small proportion of matter 
required for vegetable growth which it held in solution or 
suspension.* The hygrometrical equilibrium is then restored, 
so far as this: tho treo yields up again tho moisture it had 
drawn from the earth and tho air, though it does not return it 

oulation of the two kinds of sap; and no crudo sap oxists separately in any 
part of the plant. Even in tho root, whero it enters, this mingles at onoo 
with somo elaborated sap already thoro.”—Q uay, ILno Plant* Grow , $273. 

* Ward’s tight glazed oases for raising and especially for transporting plants, 
go far to prove that water only circulates through vegetables, and is again 
aud again absorbed and transpired by organs appropriated to theso functions. 
Seeds, growing grosses, shrubs, or trees planted in proper earth, moderately 
watered and covered with a gloss bell or closo frame of glass, live for months, 
and oven years, with only the original store of air and wotor. In ono of 
Ward’s early experiments, a spiro of grass and a foru, which sprang up in a 
corked bottle containing a little moist earth introduced as a bed for a snail, 
livod and nourished for eighteen years without a new supply of either fluid. 
In these boxes the plants grow till tho enclosed air is exhausted of the gaseous 
constituents of vegetation, and till tho water has yioldod up the assimilable 
matter it held in solution, and dissolved and supplied to the roots tho nutri¬ 
ment contained in tho earth in which they aro planted. Aftor this, thoy con¬ 
tinue for a loug time in a state of vcgolablo sleep, but if fresh air and water be 
introduced into the oases, or tho plants be transplanted into opon ground, 
they rouse themselves to renewed life, and grow vigorously, without appear¬ 
ing to have suffered from their long imprisonment. Tho water transpirod by 
the leaves is partly absorbed by tho earth directly from tho air, partly con¬ 
densed on tho glass, along which it trickles down to tho earth, enters tho roots 
again, and thus continually repeats the circuit. See Am dcr 2Tutur 9 21, B, 
S. 537. 
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each to each; for the vapor carried off by transpiration greatly 
exceeds the quantity of water absorbed by the foliage from 
the atmosphere, and the amount, if any, carried back to the 
ground by the roots. 

The present estimates of some eminent vegetable physiologists 
in regard to the quantity of aqueous vapor exhaled by trees and 
taken up by the atmosphere are much greater than those of 
former inquirers. Direct and satisfactory experiments on this 
point aro wanting, and it is not oasy to imagine how they could 
be made on a sufficiently extensive and comprehensive, scale. 
Our conclusions must therefore be drawn from observations on 
small plants, or separate branchos of trees, and of course are 
subject to much uncertainty. Nevertheless, Schleidon, arguing 
from such analogies, comes to the surprising result, that a wood 
evaporates ten times as much water as it receives from atmos¬ 
pheric precipitation.* In the Northern and Eastern States of 
the Union, the mean precipitation during tho period of forest 
growth, that is from the swelling of tho buds in the spring to 
the ripening of the fruit, tho hardening of tho young shoots, 
and tho full perfection of the other annual products of tho tree, 
exceeds on the averago twenty-four inches. Taking this esti¬ 
mate, tho evaporation from tho forest would be equal to a pre¬ 
cipitation of two hundred and forty inches, or very nearly one 
hundred and fifty standard gallons to tho square foot of sur¬ 
face. 

Tho first questions which suggest themselves upon this state¬ 
ment are: what becomes of this immense quantity of water and 
from what source docs the tree derive it 1 Wo are told in reply 
that it is absorbed from the air by the humus and minorul soil of 
the wood, and suppliod again to the tree through its roots, by a 
circulation analogous to that observed in Ward’s air-tight coses. 

* FUr Baum und Wald, pp. 40, 47, notes. P/aff, too, exporimonting on 
bronohea of a living oak, weighed immediately after being oat from the treo, 
and again after an exposure to the air for three minutes, and oompnting the 
superficial measure of all the leaves of the tree, oonoludes that an oak-tree 
evaporates, during the season of growth, eight and a half times the moon 
amount of rain-fall on an area equal to that shaded by the tree. 
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When we recall the effect produced on the 6oil even of 
a thick wood by a rain-fall of one inch, wo find it hard to bcliovo 
that two hundred and forty times that quantity, received by tho 
ground between early spring and autumn, would not keep it in 
a state of perpetual saturation, and speedily convert tho forest 
into a bog. 

No such power of absorption of moisture by the earth from 
the atmosphere, or anything approaching it, has ever been 
shown by experiment, and all 6cioutific observation contradicts 
tho supposition. Schiiblcr found that in seventy-two hours 
thoroughly dried humus, which is capablo of taking up twice 
its own weight of wator in tho liquid state, absorbed from tho 
atmosphere only twelve per cent, of its weight of humidity; 
garden-earth five and one-fifth per cent, and ordinary cultiva¬ 
ted soil two and one-third per cent. Aftor seventy-two hours, 
and, in most of his oxporiments with thirteen different earths, 
after forty-eight horn’s, no further absorption took place. Wil¬ 
helm, experimenting with air-dried field-earth, exposed to air 
in contact with water and protected by a bell-glass, found that 
tho absorption amounted in seventy-two hours to two per cont. 
and a very small fraction, nearly tho wliolo of which was taken 
up in tho first forty-eight hours. In other experiments with 
carefully heat-dried field-soil, the absorption was five per cent, 
in eighty-four hours, and when tho wator was first warmed to 
secure tho complete saturation of the air, air-dried garden- 
earth absorbed five and ono-tonth per cont. in seventy-two 
hours. 

In nature, tho conditions are never so favorablo to the absorp¬ 
tion of vapor as in theso experiments. Tho ground is more 
compact and of course offers less surface to tho air, and, espe¬ 
cially in tho wood, it is already in a state approaching saturation, 
lienee, both these physicists conclude that tho quantity of aqno- 
ous vapor absorbed by the earth from tho air is so inconsider¬ 
able “ that we can ascribe to it no important influence on vege¬ 
tation.” # 

* Wilhelm, Jkr DocUn und dot Wawr, pp. 14,20* 
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Besides this, trees often grow luxuriantly on narrow ridges, 
on steep declivities, on partially decayed stumps many feet above 
the ground, on walls of high buildings, and on rocks, in situa¬ 
tions where the earth within reach of their roots could not possi¬ 
bly contain the tenth part of the water which, according to 
Schleidcn and Pfaff, they evaporate in a day. There are, too, for¬ 
ests of great extent on high bluffs and well-drained table-lands, 
where there can exist, neither in the subsoil nor in infiltration 
from neighboring regions, an adequate source of supply for 
such consumption. It must bo remembered, also, that in the 
wood the leaves of the trees shade each other, and only the 
highest stratum of foliage receives the full influence of heat 
and light; and besides, the air in the forest is almost stagnant, 
while in the experiments of Unger, Marshal, Vaillant, Pfaff 
and others, the branches wore freely exposed to light, sun, and 
atmospheric currents. Such observations can authorize no con¬ 
clusions respecting tlie quantitative action o£ leaves o£ fovest 
trees in normal conditions. 

Further, allowing two hundred days for the period of forest 
vital action, tho wood must, according to Schleidcn’s position, 
exhale a quantity of moisturo equal to an inch and one-fifth of 
precipitation per clay, and it is hardly conceivable that so largo 
a volume of aqueous vapor, in addition to the supply from other 
sources, could bo diffused through tho ambient atmosphere 
without manifesting its presence by ordinary hygrometrical tests 
much more energetically than it has been proved to do, and in 
fact, tho observations recorded by Ebcrmaycr show that though 
the relative humidity of the atmosphere is considerably greater 
in tho cooler temperature of tho wood, its absolute humidity 
docs not sensibly differ from that of the air in open ground.* 

• EnKiiMAYhR, Die Phyrikalisohen Einwirkungm dee 1 Valdes, i., pp. 150 
et srqq. It may be weU hero to guard my readers against the common error 
which supposes that a humid condition of the air is necessarily indicated by 
the presence of fog or visible vapor. The air is rendered humid by oontaining 
invisible vapor, and it becomes drior by the condensation of such vapor into 
fog, composed of solid globules or of hollow vesicles of wator—for it is a dis¬ 
puted point whethor the particles of fog are solid or vesicular. Hence. 
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Tho daily discharge of a quantity of aqueous vapor correspond¬ 
ing to a rain-fall of one inch and a fifth into the cool air of tho 
forest would produce a perpetual shower, or at least drizzle, un¬ 
less, indeed, we suppose a rapidity of absorption and condensa¬ 
tion by the ground, and of transmission through tho 6oil to the 
roots and through them and tho vessels of tho tree to tho leaves, 
much greater than has been shown by direct observation. Not¬ 
withstanding tho high authority of Schlciden, therefore, it seems 
impossible to reconcile his estimates with facts commonly ob¬ 
served and well established by competent investigators, llcnco 
the important question of the supply, demand, and expenditure 
of water by forest vegetation must remain undecided, until it 
can be determined by something approaching to satisfactory 
direct experiment.* 

Balance of Conflicting Influences of Forest on Atmospheric 
Heat and Humidity. 

Wo have shown that tho forest, considered as dead matter, 
lends to diminish tho moisture of tho air, by preventing tho 
sun’s rays from reaching the ground and ovaporating the water 
that falls upon the surface, and also by spreading over the earth 
a spongy mantle which sucks up and retains the humidity it 
receives from tho atmosphere, while, at the same time, this cov¬ 
ering acts in tho contrary direction by accumulating, in a reser¬ 
voir not wholly inaccessible to vaporizing influences, tho water 
of precipitation which might otherwise suddenly sink deep into 
tho bowels of tho earth, or flow by superficial channels to othor 
climatic regions. We now sco that, as a living organism, it 

though tho ambient atmoaphero may h<-l<l in suspension, In tlio form of fog, 
water onough to obacuro its transparency, ami to product) tho sensation of 
moisturo on tho skin, tho air, in which tho Andy divided water lloats, may 
bo charged with oven less than an averago proportion of humidity. 

• According to Cozanne, SUM-ILL, Etude sur ten Torrent*, 2 - edition, iL, p. 
100, experiment* reported in tho Rcmc de* Faux ct Foret* for August, 1808, 
show oil the evaporation from a living treo to be 4 4 almost insignificant,*• De¬ 
tails are not given. 
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tends, on the one band, to diminish the humidity of the air by 
sometimes absorbing moisture from it, and, on the other, to in¬ 
crease that humidity by pouring out into the atmosphere, in a 
vaporons form, the water it draws up through its roots This 
last operation, at the same time, lowers the temperature o! the 
air in contact with or proximity to the wood, by the same law 
as in other casos of the conversion of water into vapor. 

4s I have repeatedly said, we cannot measure the value of 
any one of these elements of climatic disturbance, raising or 
lowering of temperature, increase or diminution of humidity, 
nor can we say that in any one season, any one year, or any one 
fixed cycle, howover long or short, they balance and compen¬ 
sate each other. They are sometimes, but certainly not always, 
contemporaneous in their action, whether their tendency is in 
the same or in opposite directions, and, therefore, their influ¬ 
ence is sometimes cumulative, sometimes conflicting; but, upon 
the whole, their general effect is to mitigate extremes of atmos¬ 
pheric heat and cold, moisture and drought. They serve as 
equalizers of temperature and humidity, and it is highly prob¬ 
able that, in analogy with most other works and workings of 
nature, they, at certain or uncertain periods, restore the equi¬ 
librium which, whether as lifeless masses or as living organ¬ 
isms, they may have temporarily disturbed.* 

* There is one foot which I havo nowhoro seen noticed, but which scorns to 
me to have an important bearing on the question Whether forests tend to 
maintain an equilibrium betweon tho various causes of hygroscopic action, 
and oonsoquently to keep the air within their precinots in an approximately 
constant condition, so far ns this meteorological element is concerned. 1 
refer to the absence of fog or visible vapor in thick woods in full leaf, oven 
when tho air of the neighboring open grounds is so hoavity charged with con¬ 
densed vapor as completely to obsoure the sun. The temporaturo of the at¬ 
mosphere in tho forest is not subjeot to so sudden and extreme variations as 
that of cleared ground, but at the same time it is far from constant, and so 
large a supply of vapor as is pourod out by the foliage of the trees could not 
fail to be sometimes condensed into fog by tho same causes as in the oaso of 
the adjaoent meadows, whioh are often oovered with a donse mist while the 
forest-air remains dear, were there not some potent counteracting influence 
always in action. This influence, I believe, is to bo found partly in the 
equalization of the teraporature of the forest, and partly in the balance be- 
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When, therefore, man destroys these natural harmonizers of 
climatic discords, he sacrifices an important conservative power, 
though it is far from certain that ho has thereby affected the 
mean, however much ho may have exaggerated the extremes of 
atmospheric temperature and humidity, or, in other words, may 
have increased the range and lengthened the scale of thermo- 
metric and liygrometric variation. 

Special Influence of Woods on Precipitation. 

With the question of the action of forests upon temperaturo 
and upon atmospheric humidity is intimately connected that 
of their influence upon precipitation, which they may affect 
by increasing or diminishing the warmth of the air and by 
absorbing or exhaling uncombined gas and aqueous vapor. 
The forest being a natural arrangement, the presumption is 
that it exercises a conservative action, or at least a compen¬ 
sating one, and consequently that its destruction must tend to 
produce pluviomctrical disturbances as well as thcrmomotrical 
variations. And this is the opinion of perhaps the greatest 
number of observers. Indeed, it is almost impossible to sup¬ 
pose that, under certain conditions of time and place, the 
quantity and the periods of rain should not depend, more or 
less, upon the presence or absence of forests; and without in¬ 
sisting that the removal of the forest has diminished tho sum* 
total of snow and rain, wc may well admit that it has lessened 
the quantity which annually falls within particular limits. 
Various theoretical considerations make this probable, the 
most obvious argument, perhaps, being that drawn from the 
generally admitted fact, that the summer and even tho moan 
temperature of the forest is below that of tho open country in 
the same latitude. If the air in a wood is cooler than that 
around it, it must reduce tho temperaturo of tho atmospheric 
stratum immediately above it, and, of course, whenever a satu- 

tween the humidity exhaled by the tree* And that abeorbed and oondenaed 
invisibly by the earth. 

13 
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rated current sweeps over it, it must produce precipitation 
which would fall upon it, or at a greater or less distance from it. 

We mu6t hero take into the account a very important consid¬ 
eration. It is not universally or even generally true, that the 
atmosphere returns its condensed humidity to the local source 
from which it receives it. The air is constantly in motion, 

—— bowling tempests scour amain 
From sea to land, from land to sea; * 

and, therefore, it is always probable that the evaporation drawn 
up by the atmosphere from a given rivor, or sea, or forest, or 
meadow, will bo discharged by precipitation, not at or near the 
point where it rose, but at a distance of miles, leagues, or even 
degrees. The currents of the upper air are invisible, and they 
leave behind them no landmark to record their track. Wo 
know not whence they come, or whither they go. We have a 
certain rapidly increasing acquaintance with the laws of gene¬ 
ral atmospheric motion, but of the origin and limits, the begin¬ 
ning and end of that motion, as it manifests itself at any par¬ 
ticular time and place, wo know nothing. We cannot 6ay 
where or when the vapor, exhaled to-day from the lake on 
which we float, will bo condensed and fall; whether it will 
waste itsolf on a barren desert, refresh upland pastures, de¬ 
scend in snow on Alpine heights, or contribute to swell a 
distant torrent which shall lay waste square miles of fertile 
corn-land; nor do we know whether the rain which feeds our 
brooklets is due to tho transpiration from a neighboring forest, 
or to tho evaporation from a far-off sea. If, therefore, it were 
proved that tho annual quantity of rain and dew is now as 
great on tho plains of Oastilo, for example, os it was when they 
were covered with the native forest, it would by no means 
follow that those woods did not augment tho amount of precipi¬ 
tation elsewhere. 

* TJnd Btttrme brawn nm die Wette 
Vein Meer ante Land, vom Land aufi Meer. 

Gosteb, Fatut t Bong qf ths Anhangdi* 
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The whole problem of the pluviomctrical influence of tlio 
forest, general or local, is so exceedingly complex and difficult 
that it cannot, with our present means of knowledge, be de¬ 
cided upon d jn'iori grounds. It must now be regarded as a 
question of fact which would probably admit of scientific ex¬ 
planation if it were once established what the actual fact is. 
Unfortunately, the evidence is conflicting in tendency, and 
sometimes equivocal in interpretation, but I believe that a 
majority of the foresters and physicists who have studied the 
question are of opinion that in many, if not in all cases, the 
destruction of the woods lias been followed by a diminution in 
the annual quantity of rain and dew. Indeed, it has long been 
a popularly settled belief that vegetation and the condensation 
and fall of atmospheric moisture are reciprocally necessary to 
each other, and even the poets 6ing of 

Afrio’s barron sand, 

Where nought can grow, because it raineth not. 

And where no rain oan fall to bless the land. 

Because nought grows there. • 

Before going further with the discussion, however, it is well 
to remark that the comparative rarity or frequency of inunda¬ 
tions in earlier or later centuries is not necessarily, in most 
cases not probably, entitled to any weight whatever, as a proof 
that more or less rain fell formerly than now; because the ac¬ 
cumulation of water in the channel of a river depends far less 
upon the quantity of precipitation in its valley, than upon tho 
rapidity with which it is conducted, on or under the surface of 
the ground, to the central artery that drains the basin. But 
this point will bo more fully discussed in a subsequent chapter. 

In writers on the subject we are discussing, we find many 


— Dot golde Strug i Afrika, 

Dor Intel voxo kon, da ei dot regne^ 

Og, omvondt, Ingen Regn kan hide, da 
Dor Intel voxer. 

Paludan-MOllsb, Adam Ebmo, 11,4061 
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positive assertions about the diminution of rain in countries 
which have been stripped of wood within the historic period, 
but these assertions very rarely rest upon any other proof than 
the doubtful recollection of unscientific observers, and I am 
unable to refer to a single instance where the records of the 
rain-gauge, for a considerable period before and after the fell¬ 
ing or planting of extensive woods, can be appealed to in sup¬ 
port of either side of the question. The scientific reputation 
of many writers who have maintained that precipitation has 
been diminished in particular localities by the destruction of 
forests, or augmented by planting them, has led the public to 
suppose that thoir assertions rested on sufficient proof. Wo 
cannot affirm that in none of these cases did such proof exist, 
but I am not aware that it 1ms ever been produced. * 

The effect of the forest on precipitation, then, is by no moans 
free from doubt, and we cannot positively affirm that the total 
annual quantity of rain is oven locally diminished or increased 


• Among recont writers, Clavd, Sohaoht, Sir John P. W. Horschel, Hohen* 
stein, Barth, Asbjonmen, Boussingaulfc, and others, maintain that forests tend 
to produce rain and cloarings to diminish it, and they refer to numerous 
foots of observation in support of this doctrine; but in none of these does it 
appear that, these observations are supported by actual pluvioraotrical measure. 
80 far as I know, the earliest expression of the opinion that forosts promote 
precipitation is that attributed to Christopher Columbus, in the Hietorie del 
8. D. Fernando Colombo, Venetia, 1571, oap. lviii, where it is said that the 
Admiral ascribed the daily showers wliioh fell in the Wost Indios about vospors 
to 44 the great forosts and trees of those countrios,” and remarked that the same 
effect was formerly produced by the same causo in the Canary and Madeira 
islands and in the Azores, but that 44 now thftt the many woods and trees that 
oovered them have been felled, there are not produoed so many clouds and 
rains as before.” 

Mr. H. Harrlsse; in his very loaned and able oritioal essay, Fernand 
Cotomb, #a Tie et see (Entree , Paris, 1872, has made it at least extremely 
probable that the Hietorie is a spurious work. Tho compiler may have found 
this observation in some of the writings of Columbus now lost, but however 
that may be, the foot, which Humboldt mentions in Coemos with muoh in¬ 
terest, still remains, that the doctrine in question was held, if not by the great 
discoverer him se l f, at least by one of his pretended biographers, as early as 
tho year 1871. 
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by the destruction of the woods, though both theoretical con¬ 
siderations and the balance of testimony strongly favor the 
opinion that more rain falls in wooded than in opon countries. 
One important conclusion, at least, upon the meteorological 
influence of forests is certain and undisputed: the proposition, 
namely, that, within their own limits, and near their own bor¬ 
ders, they maintain a more uniform degree of humidity in the 
atmosphere than is observed in cleared grounds. Scarcely less 
can it be questioned that they tend to promote the frequency 
of showers, and, if they do not augment the amount of precipi¬ 
tation, they probably equalize its distribution through the dif¬ 
ferent seasons.* 


* The strongest direct ovidcnco which I am ablo to rofer to in support of the 
proposition that tho woods produco oven a local augmentation of precipitation 
is furnished by the observations of Mathiou, sub-dircotor of tho Forest-School 
at Nancy. His pluviomctricnl measurements, continued for tbreo years, 1800- 
1808, show that during that poriod tho annual moan of rain-fall in tho centre 
of tho wooded d'*sirict of Ciuq-Trauchto, at Bello Fontaino on the borders of 
tho forest, and at Amunco, in an open cultivated territory in tho same vicinity, 
wns respectively as tho numbers 1,000, 0.17, and 8M. 

The alleged augmentation of raiu-full in Lower Egypt, in oonsoquenoo of 
large plantations by Mcheinot All, is vexy frequently upi>ealod to as a proof of 
this influence of tho forest, and this caso has bccomo a regular common-place 
in all discussions of tho question. It is, howover, open to tho samo objection 
as tho alleged instances of the diminution of precipitation in oonsoquonoo of 
tho foiling of tho forest 

This supposed incrcaso in the frequency and quantity of rain in Lowor 
Egypt is, I think, an error, or at least not an established foot. I have heard 
it disputed on tho spot by intelligent Frauks, whoso rosidouoo in that country 
began before tho plantations of Mohemot Ali and Ibrahim Paoha, and I have 
been assured by them that meteorological observations, made at Alexandria 
about tho beginning of this oeutury, show an aunuol fall of rain as great as is 
usual at this day. Tho more fact that it did not ftdn during tho Franoh 
occupation is not oonclusivo. Having oxporioncod a gontlo shower of noarly 
twenty-four hoars* duration in Upper Egypt, I inquired of tho local governor 
in relation to tho frequency of this phenomenon, and was told by him that not 
a drop of rain had fallen at that point for more than two years previous. 

The belief in tho increase of rain in Egypt rests almost entirely on the 
observations of Marshal Marmont, and tho evidence oollootod by him in 1830. 
His oonolusions have boon disputed, if not confuted, by Jomord and others, 
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Total Climatic Influence of the Forest . 

Aside from the question of local disturbances and their 
compensations, it does not seem probable that the forests sensi¬ 
bly affect the general mean of atmospheric temperature of the 
globe, or the total quantity of precipitation, or even that they 
had this influence when their extent was vastly greater than at 
prosent. The waters cover about three-fourths of the face of 
the earth, and if we deduct the frozen zones, the peaks and 
crests of lofty mountains and their craggy slopes, the Sahara 
and other great African and Asiatic deserts, and all such other 
portions of the solid surface as are permanently unfit for the 
growth of wood, wo shall find that probably not one-tenth of 
the total superficies of our planet was evor, at any one time in 

and are probably erroneous. Bee Foibsag, Metcorologie , German translation, 
pp. 634-639. 

It certainly sometimes rains briskly at Cairo, but evaporation is exceedingly 
rapid in Egypt—as any one who ever saw a Fellah woman wash a napkin in 
the Nile, and dry it by shaking it a few moments in the air, can testify; and a 
heap of grain, wet a few inches below the surface, would probably dry again 
without injury. At any rate, the Egyptian Government often has vast quan¬ 
tities of wheat storod at Boulak in uncovered yards through the winter, though 
it must be admitted that the slovenliness and want of foresight in Oriental 
life, pubiio and private, are suoh that we cannot infer the safety of any practice 
followed in the East merely from its long continuance. 

Grain, however, may be long kept in tho open air in climates much less dry 
than that of Egypt, without injury, except to the superficial layers; for mois¬ 
ture does not penetrate to a great depth in a heap of grain onco woll dried and 
kept weU aired. When Louis IX. was making his preparations for bis cam¬ 
paign in the East, he hod largo quantities of wine and grain purchased in tho 
Island of Cyprus, and stored up for two years to await his arrival. “ When 
we wore come to Cyprus,” says Joinville, Iliatoirc fa Saint LouU , gg 72. 73, 
“ we found there greats foison of the Kynge’s purveyance. . . The wheats 
and the barley they had piled up In greato heapes in the feoldos, and to looko 
vpon, they were like vnto mountaynes; for the raine, the whycho hadde 
beaten vpon the wheats now a longe whyle, had made it to sprouts on the 
toppe, so that it seemed as greene grasse. And whanne they wore myndod to 
oarrie it to Egypte, they brake that sod of greene herbe, and dyd finds under 
the same the wheate and the barley, as freshe as yf menne hadde but nowe 
thrashed it," 
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the present geological period, covered with forests. Besides 
this, the distribution of forest land, of desert, and of water, is 
such as to reduce the possible influence of the woods to a low 
expression; for the forests arc, in large proportion, situated in 
cold or temperate climates, where the action of the sun is com¬ 
paratively feeblo both in elevating temperature and in promoting 
evaporation; while, in the torrid zone, the desert and the 6ca—the 
latter of which always presents an cvaporable surface—enormous¬ 
ly preponderate. It is, upon the whole, not probable that so small 
an oxtent of forest, so situated, could produce a sensible influ* 
enco on the general climato of tho globe, though it might appre¬ 
ciably affect tho local action of all climatic elomonts. Tho 
total annual amount of solar heat absorbed and radiated by tho 
earth, and the sum of terrestrial evaluation and atmosphorio 
precipitation, must bo supposed constant; but the distribution 
of heat and of humidity is exposed to disturbance in both timo 
and placo by a multitude of local causes, among which tho 
presence or absence of tho forest is doubtless one. 

So far as we are able to sum up tho results, it would appear 
that, in countries in tho temperate zone still chiefly covored 
with wood, tho summers would be cooler, moister, shorter, tho 
winters milder, drier, longer, than in tho same regions after tho 
removal of the forest, and that tho condensation and precipita¬ 
tion of atmospheric moisture would be, if not greater in total 
quantity, moro frequont and le>a violent in discharge. Tho 
slender historical evidence we possess seems to point to tho 6amo 
conclusion, though there is some conflict of testimony and of 
opinion on this point. 

Among tho many causes which, as wo have seen, tend to 
influenco tho general result, the mechanical action of tho forest, 
if not more important, is certainly moro obvious and direct than 
tho immediate effects of its organic processes. Tho felling of 
the woods involves tho sacrifice of a valuable protection against 
the violence of chilling winds and tho loss of tho shelter afforded 
to the ground by tho thick coating of leaves which tho forest 
sheds upon it and by the snow which tho woods prevent from 
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blowing away, or from melting in the brief thaws of winter. I 
have already remarked that bare ground freezes much deeper 
than that which is covered by beds of leaves, and when the 
earth is thickly coated with snow, the strata frozen before it 
fell begin to thaw. It is not uncommon to find the ground in 
the woods, where the snow lies two or three feet deep, entirely 
free from frost, when the atmospheric temperature has been 
for several weeks below the freezing-point, and for some days 
even below the zero of Fahrenheit. When the ground is 
cleared and brought under cultivation, the leaves are ploughed 
into the soil and decomposed, and the snow, especially upon 
knolls and eminences, is blown off, or perhaps half thawed, 
several times during the winter. The water from the melting 
snow runs into the depressions, and when, after a day or two 
of warm sunshine or tepid rain, the cold returns, it iB consoli¬ 
dated to ice, and the bared ridges And swells of earth are deeply 
frozen.* It requires many days of mild weather to raise the 
temperature of soil in this condition, and of the air in contact 
with it, to that of the earth in the forests of the same climatic 
region. Flora is already plaiting her sylvan wreath before the 
corn-flowers which are to deck the garland of Ceres have waked 
from their winter’s sloop; and it is probably not a popular 
error to believe that, where man has substituted his artificial 
crops for the spontaneous harvest of nature, spring delays her 
coming.f 


* I hare seen, In Northern New England, the surfaoe of the open ground 
frozon to the depth of twenty-two inches, in the month of November, when in 
the forost-earth no frost was discoverable; and later in tho wiutor, I have 
known an exposed sand-knoU to remain frozen six feet deep, after tho ground 
in the woods was oompletely thawed. 

f The conclusion arrived at by Noah Webster, in his very learned and able 
paper on the supposed change in the teraporaturo of wintor, read beforo the 
Connecticut Academy of Arts and Sciences in 1700, was as follows: 14 From a 
oareful comparison of these facts, it appears that the weather, in modom win¬ 
ters, in the United States, is more inconstant than when the earth was covered 
with woods, at the first settlement of £uroi>oans in the country; that the 
worn weather of autumn extonds further into the winter months, and the 
odd weather of winter and spring onoroaohes upon the summer; that, the 
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There are, in the constitution and action of the forest, many 
forces, organic and inorganic, which unquestionably tend pow¬ 
erfully to produce meteorological effects, and it may, therefore, 
be assumed as certain that they must and do produce such 
effects, unless they compensate and balance each other, and 
herein lies the difficulty of solving the question. To some of 
these elements late observations give a new importance. For 
example, the exhalation of aqueous vapor by plants is now be¬ 
lieved to be .much greater, and the absorption of aqueous vapor 
by them much less, than was formerly supposed, and Tyndall’s 
views on the relations of vapor to atmospheric heat give im¬ 
mense value to this factor in the problem. In like maimer the 
low temperature of the surface of snow and the comparatively 
high temperature of its lower strata, and its consequent action 
on the soil beneath, and the great condensation of moisture by 
snow, are facts which seem to show that the forest, by protect¬ 
ing groat surfaces of snow from melting, must inevitably oxer- 
cise a great climatic influence. If to these influences wo add 
the mechanical action of the woods in obstructing currents of 
wind, and diminishing the evaporation and refrigeration which 
such currents produce, wo have an accumulation of forces 
which must manifest great climatic effects, unless—which is 
not proved and cannot bo presumed—they neutralize each 
other. These are points hitherto little considered in the discus¬ 
sion, and it scorns difficult to deny that as a question of avgur 
went, the probabilities are strongly in favor of tho meteorologi¬ 
cal influence of tho woods. The evidence , indeed, is not satis¬ 
factory, or, to speak moro accurately, it is non-existent, for there 
really is next to no trustworthy proof on tho subject, but it 
appears to mo a caso where tho burden of proof must bo taken 

wind being more variable, snow la lew permanout, and perhaps the same 
remark may be applicable to the ioo of the rivers. These effects soem to 
result necessarily from the greater quantity of heat accumulated in the oarth 
in summer sinoa the ground has been cleared of wood and exposed to the rays 
of the sun, and to the greater depth of frost in the earth in winter by the 
exposure of its uncovered surface to tho cold atmosphere.”— Collection qf 
Papers bp Noaii Webster, p. 103. 
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by those who maintain that, as a meteorological agent, the 
forest is inert. 

The question of a change in the climate of the Northern 
American States is examined in the able Meteorological Hep or t 
of Mr. Draper, Director of the New York Central Park Obser¬ 
vatory, for 1871. The result arrived at by Mr. Draper is, that 
there is no satisfactory evidence of a diminution in the rain¬ 
fall, or of any other climatic change in the winter season, in 
consequence of clearing of the forests or other human action. 
The proof from meteorological registers is certainly insufficient 
to establish the fact of a change of climate, but, on the other 
hand, it is equally insufficient to establish the contrary. Mete¬ 
orological stations are too few, their observations, in many cases, 
extend over a very short period, and, for reasons I have already 
given, the great majority of their records are entitled to little 
or no confidence.* 

* Since these pages woro writton, the subject of forest meteorology has 
received the most important contribution ever mode to it, in several sorics of 
observations at numerous stations in Bavaria, from the yoar 1800 to 1871, 
published by Ebermayer, at Asohaffenburg, in 1873, under tho title » l)ie 
Phytikaliachen Einmrkungen dea Waltlca avf Luft und Dodcn , und acme KU* 
matologiache und Uygicniache Bcdoutung. I. Band. So far as observations of 
only five years' duration oan prove anything, the following propositions, not 
to speak of many collateral and subsidiary conclusions, seem to be established, 
at least for the localities where the observations were made: 

1. The yearly mean temperature of wooded soils, at all depths, is lower than 
that of open grounds, p. 83. 

This oonolusion, it may be remarked, is of doubtful applicability in rogions 
of excessive climate like the Northern United States and Canada, where the 
snow keeps tho temperature of the soil in the forest above the freezing-point, 
for a large port and sometimes the whole of the winter, while in unwooded 
ground the earth remains deeply frozen. 

2. The yearly mean atmospheric temperature, other things being equal, is 
lower in the forest than in cleared grounds, p. 84. 

8. Climates become excessive in oonsequenoo of extensive oleorings, p. 117. 

4. The absolute humidity of the air in the forest is about the same as in 
open ground, while the relative humidity is greater in the former than in the 
latter oase, on aooount of the lower temperature of the atmosphere in the 
wood, p. 180. 

5. The evaporation from an exposed surfaoe of water in the forest is sixty- 
four per cent lees than in unwooded grounds, pp. 162,161. 
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Influence of the Forest on the Humidity of the Soil . 

I have hitherto confined myself to the influence of the forest 
on meteorological conditions, a subject, as has been 6cen, full of 
difficulty and uncertainty. Its comparative effects on the tem¬ 
perature, the humidity, the texture and consistence, the con- 
figuration and distribution of the mould or arable soil, and, very 
often, of the mineral strata below, and on the permanence and 
regularity of springs and greater superficial water-courses, are 
much less disputable as well as moro easily estimated and more 
important, than its possible value as a cause of 6trictly climatic 
equilibrium or disturbance. 

The action of the forest on the earth is chiefly mechanical, 
but the organic process of absorption of moisturo by its roots 
affects the quantity of water contained in the vegetable mould 
and in the mineral strata near tho surface, and, consequently, 
the consistency of tho soil. In treating of tho effects of trees 
on the moisture of the atmosphere, I have said that the forest, 
by interposing a canopy between tho sky and tho ground, and 
by covering the surface with a thick mantlo of fallen leaves, at 
once obstructed insolation and proven ted tho radiation of heat 
from tho earth. Theso influences go far to balance each othor; 
but familiar observation shows that, in summer, the forest-soil 
is uot raised to so high a temperature as opou grounds exposed 
to irradiation. For this reason, and in consoqucnce of tho me¬ 
chanical resistance opposed by tho bed of dead leaves to the 
escape of moisture, we should expoct that, oxcopt after rccont 
rains, tho superficial strata of woodland-soil would bo moro 

0. About twonty-six por oont of tho precipitation is intcrooptod and pre¬ 
vented from reaching tho ground by tho foliage and bronchos of forest trees, 
p. 104. 

7. In tho Interior of thick woods, the evaporation from water and from 
earth is much less than tb* precipitation, p. 210. 

8. The loae of tho water of precipitation intercepted by tho trees in the 
forest is oompensatod by the smaller evaporation from the ground, p. 219. 

0. In elevated regions and during tho summer half of the year, woods tend 
to Inoxease the precipitation, p. 202. 
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humid than that of cleared land. This agrees with experience. 
The soil of the natural forest is always moist, except in the cx- 
trcmcst droughts, and it is exceedingly rare that a primitive 
wood suffers from want of humidity. How far this accumula¬ 
tion of water affects the condition of neighboring grounds by 
lateral infiltration, wo do not know, but we shall see, in a 
subsequent chapter, that water is conveyed to great distances 
by this process, and we may hence infer that the influence in 
question is an important one. 

It is undoubtedly true that loose soils, stripped of vegetation 
and broken up by the plough or other processes of cultivation, 
may, until again carpeted by grasses or other plants, absorb 
more rain and snow-water than when they were covered by a 
natural growth; but it is also true that the evaporation from 
such soils is augmented in a still greater proportion. Bain 
scarcely penetrates beneath the sod of grass-ground, but runs 
off over the surface; and after the heaviest showers a ploughed 
field will often be dried by evaporation before the water can 
be carried off by infiltration, while the soil of a neighboring 
grove will remain half saturated for weeks together. Sandy 
soils frequently rest on a tenacious subsoil, at a moderate depth, 
as is usually seen in the pine plains of the United States, where 
pools of rain-water collect in slight depressions on tho surface 
of earth the upper stratum of which is as porous as a sponge. 
In the open grounds 6uch pools are veiy soon dried up by the 
sun and wind; in the woods they remain unovaporated long 
enough for the water to diffuse itself laterally until it finds, in 
the subsoil, crevices through which it may escape, or slopes 
which it may follow to their outcrop or descend along them to 
lower strata. 


Drainage by Iioote of Trees. 

Becquerel notices a special function of tho forest to which I 
have already alluded, but to which sufficient importance has 
not, until very recently, been generally ascribed. I refer to the 
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mechanical action of the roots as conductors of tho superfluous 
humidity of the superficial earth to lower strata. Tho roots uf 
trees often ponctrate through subsoil almost impervious to 
water, and in such cases the moisture, which would otherwise 
remain above the subsoil and convert tho surfaeo-earth into a 
bog, follows tho roots downwards and escapes into more porous 
6trata or is received by subterranean canals or reservoirs.* 
When tho forest is felled, the roots perish and decay, the orifices 
opened by them are soon obstructed, and the water, after having 
saturated tho vegetable earth, stagnates on tho surface and 
transforms it into ponds and morasses. Thus in La Brcnnc, a 
tract of 200,000 acres resting on an impenneablo subsoil of 
argillaceous earth, which ten centuries ago was covered with 
forests interspersed with fertile and salubrious meadows and 
pastures, has been converted, by the destruction of tho woods, 
into a vast expanse of pestilential pools and marshes. In 
Sologne tho same cause has withdrawn from cultivation and 
human inhabitation not less than 1,100,000 acres of ground 
once well wooded, well drained, and productive. 

It is an important observation that tho desiccating action of 
trees, by way of drainage or external conduction by tho roots, 
is greater in tho artificial than in the natural wood, and hence 
that tho surface of the ground in the former is not characterized 
by that approach to a state of saturation which it so generally 
manifests in tho latter. In tho spontaneous wood, tho leaves, 
fruits, bark, branches, and dead trunks, by their decayed 
material and by tho conversion of rock into loose earth through 
tho solvent power of the gases they develop in decomposition, 
cover tho ground with an easily penetrable stratum of mixed 
vegetable and mineral matter extremely favorable to the 


* “The root3 of vegetables,” says d’ETcricourt, “perform tbo offioo of 
draining in a mannor analogous to that artificially practised in parts of Hol¬ 
land and the British islands. This mothod consists in driving doeply down 
into the soil several hundred stakes to the acre; the water filters down along 
the stokes, and in some oases os favorable results have been obtained by this 
means as by horizontal drains .”—Annala FomtUra, 1837, p. 812. 
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growth of trees, and at the same time too retentive of moistnre 
to part with it readily to the capillary attraction of the roots. 
The trees, finding abundant nutriment near the surface, and so 
sheltered against the action of the wind by each other as not 
to need the support of deep and firmly fixed 6tays, send their 
roots but a moderate distance downwards, and indeed often 
spread then) out like a horizontal network almost on the surface 
of the ground. In the artificial wood, on the contrary, the 
spaces between the trees are greater; they are obliged to send 
their roots deeper both for mechanical support and in search 
of nutriment, and they consequently serve much more effectually 
as conduits for perpondieular drainage. 

It is only under special circumstances, however, that this 
function of die forest is so essential a conservative agent as in 
dio two cases just cited. In a champaign region insufficiently 
provided with natural channels for the discharge of the waters, 
and with a subsoil which, though penetrable by the roots of 
trees, is otherwise impervious to water, it is of cardinal im¬ 
portance; but though trees everywhere tend to carry off the 
moisture of die superficial strata by this mode of conduction, 
yet the precise condition of soil which I have described is not 
of sufficiently frequent occurrence to havo drawn much attention 
to this office of the wood. In fact, in most soils, there are coun¬ 
teracting influences which neutralize, more or less effectually, 
the desiccative action of roots, and in general it is as true as 
it was in Seneca’s time, that “ the shadiest grounds are the 
moistest.” * 

It is always observed in the American States, that clearing 
the ground not only causes running springs to disappear, but 
dries up the stagnant pools and the spongy soils of the low 
grounds. The first roads in those States ran along the ridges, 
when practicable, because there only was the earth dry enough 
to allow of their construction, and, for the same reason, the 
cabins of the first settlers were perehod upon the hills. As tho 
forests have been from time to time removed, and the face of 

* Sbmsoa, Question* Natural#, Ui, 11, ft. 
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the earth laid open to tlio air and sun, the moisture has been 
evaporated, and the removal of the highways and of human 
habitations from the bleak hills to the sheltered valleys, is ono 
of the most agreeable among tho many improvements whieh 
.ater generations have witnessed in the interior of the Northern 
States.* 

Recent observers in Franco affirm that overgreen trees exer¬ 
cise a special desiccating action on tho soil, and cases are cited 
where large tracts of land lately planted with pines have been 
almost completely drained of moisture by somo unknown action 
of tho trees. It is argued that tho alleged drainage is not duo 
to tho conducting power of tho roots, inasmuch as tho roots 
of the pine do not descend lower than thoso of tho oak and 
other deciduous trees which produce no such effect, and it 
is suggested that the foliage of tho pino continues to exhale 
through the winter a sufficient quantity of moisture to ac¬ 
count for the drying up of tho soil. This explanation is 
improbable, and I know nothing in American oxporionco of 
the forest which accords with tho alleged facts. It is true 
that the pines, tho fire, tho hemlock, and all tho spike-leaved 
evergreens prefer a dry soil,* but it has not been obsorved 
that such 6oils become less dry after tho felling of their trees. 
Tho cedars and othor trees of allied families grow naturally in 
moist ground, and tho white cedar of tho Northern States, 
Thuya occidental ™, is chiefly found in swamps. Tho roots of 
this tree do not penetrate deeply into the earth, but are spread 
out near tho surface, and of course do not carry off the waters 
of the swamp by perpendicular conduction. On the contrary, 
by their shade, tho troos provont tho evaporation of tho snpor- 

* The Tuscan poet Ginsti, who had certainly had little opportunity of observ¬ 
ing primitive conditions of nature and of man, was aware that tuoh must have 
been the course of things in new oountrio*. “ Yon know," says he in a let¬ 
ter to a friend, “ that the hills wero first occupied by man, bcoause stagnant 
watsrs, and afterwards continual wars, exoludod men from tho plains. But 
when tranquillity woe established and means provided for tho discharge of the 
waters, the low grounds were soon oovered with human habitations* Xstterf 
Misuse, 1804, p. 08. 
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ficial water; but when the cedars are felled, the swamp—which 
sometimes rather resembles a pool filled with aquatic trees than 
a grove upon solid ground—often dries up so completely as to 
be fit for cultivation without any other artificial drainage than, 
in the ordinary course of cultivation, is given to other new 
soils.* 


The Forest in Winter. 

The influence of the woods on the flow of springs, and con¬ 
sequently on the supply for the larger water-courses, naturally 
connects itself with the general question of the action of the 
forest on the humidity of the ground. But the special condi¬ 
tion of the woodlands, as affected by snow and frost in the winter 
of excessive climates, like that of tho United States, has not 
been so much studied as it deserves; and os it has a most impor¬ 
tant bearing on tho superficial hydrology of tho earth, I shall 
make some observations upon it before I proceed to the direct 
discussion of the influence of the forest on the flow of springs. 

To estimate rightly the importance of tho forest in our cli- 

* A special desiccativo influence has long been ascribed to the maritime 
pine, which has been extensively planted on tbe dunes and Rand-plains of west¬ 
ern France, and it is well established that, under certain conditions, all trees, 
whether overgreen or deoiduous, exercise this function, but there is no con¬ 
vincing proof that in the cases now referred to there is any difference in the 
mode of action of the two olasses of trees. An artiole by D’Arbois de Jubain- 
ville in the Revue de* Eaux ct Foret* for April, 1800, ascribing the same aotion 
to the Finn* *yloe*tri* } has excited muoh attention in Europe, and the facts 
stated by this writer constitute the strongest evidence known to me in support 
of the alleged influence of evergreen trees, as distinguished from the draining 
by downward conduction, whioh is a funotion exeroised by aU trees, under 
ordinary oireumstanoes, in proportion to their penetration of a bibulous sub¬ 
soil by tap or other descending roots. The question has been ably discussed by 
Bdraud in the Revue de* Deux Monde* for April, 1870, the result being that 
the drying of the soil by pines is due simply to oonduotion by the roots, whatever 
may be the foliage of the tree. See po*t: Influence of the Foreet on Flow of 
8pring». 

It is however oertain, I believe, that evergreens exhale more moisture in 
winter than leafless deoiduous trees, and consequently some weight is to be as- 
aribod to this element. 
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mato as a natural apparatus for accumulating the water that 
falls upon tho surface and transmitting it to tho subjacent 
strata, wo must compare the condition and properties of its soil 
with those of cleared and cultivated earth, and examine the 
consequently different action of these soils at different seasons 
of tho year. Tho disparity between them is greatest in climates 
where, as in tho Northern American States and in tho extreme 
North of Europe, tho open ground freezes and remains imper¬ 
vious to water during a considerable part of the winter; though, 
even in climates where the earth docs not freeze at all, tho 
woods have still an important influence of tho same character. 
The difference is yet greater in countries which have regular 
wet and dry seasons, rain boing very frequent in the former 
period, while, in the latter, it scarcoly occurs at all. These 
countries lie chiefly in or near tho tropics, but they are not 
wanting in higher latitudes; for a largo part of Asiatic and 
even of European Turkey is almost wholly deprived of summor 
rains. In tho principal regions occupied by European cultiva¬ 
tion, and whore alone the questions discussed in this volume 
are recognized as having, at present, any practical importance, 
more or less rain falls at all seasons, and it is to these regions 
that, on this point as well as others, I chiefly confine iny atten¬ 
tion. 


Importance of Snow. 

Recent observations in Switzerland givo a new importance 
to the hygrometrical functions of snow, and of course to the 
forest as its accumulator and protector. 1 refer to statements 
of tho condensation of atmospheric vapor by tho snows and 
glaciers of the Rhone basin, where it is estimated to be nearly 
equal to tho entire precipitation of tho valley. Whenever the 
humidity of tho atmosphere in contact with 6now is abovo the 
point of saturation at the temperature to which the air is cooled 
bysuch contact, the superfluous moisture is absorbed by the 
snow or condensed and frozen upon its surfaco, and of course 
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adds so much to the winter supply of water received from the 
snow by the ground. This quantity, in all probability, much 
exceeds the loss by evaporation, for during the period when 
the ground is covered with snow, the proportion of clear dry 
weather favorable to evaporation is less than that of humid 
days with an atmosphere in a condition to yield up its moisture 
to any bibulous substance cold enough to condense it.* 

In our Northern States, irregular as is the climate, the first 
autumnal snows pretty constantly fall before the ground is 
frozen at all, or when the frost extends at most to the depth 
of only a few inches.f In the woods, especially those situated 
upon the elevated ridges which supply the natural irrigation 
of the soil and feed the perennial fountains and streams, the 
ground remains covered with snow during the winter; for the 
trees protect the snow from blowing from the general surface 
into the depressions, and new accessions are received before the 
covering deposited by the first fall is melted. Snow is of a 
color unfavorable for radiation, but, even when it is of con¬ 
siderable thickness, it is not wholly impervious to the rays of 
the sun, and for this reason, as well as from the warmth of 
lower strata, the frozen crust of the soil, if one has been formed, 
is soon thawed, and does not again fall bolow the freezing- 
point during the winter.^: 


• The hard snow-crust, whioh in the early spring is a source of such keen 
enjoyment to the children and youth of the North—and to many older persons 
in whom the lore of nature has kept awake a relish for tho simple pleasures 
of rural life—is doubtless duo to the congelation of tho vapor condensed by 
the snow lathor than to the thawing and freeziug of the superficial stratum; 
for when the surfaoe is melted by the sun, the water is taken up by the ab¬ 
sorbent mass benoath before the temperature falls low enough to freeze it 
f The hard autumnal frosts are usually preceded by heavy rains which 
thoroughly moisten the soil, and it is a oommon saying in the North that 44 tho 
ground will not freeze till the swamps are full." 

$ Dr. Williams, of Vermont, made some observations on the comparative 
temperature of the soil in open and in wooded ground in the years 1789 and 
1701, but they generally belonged to the wanner months, and I do not know 
that any extensive series of comparisons between the temperature of the 
ground in the woods and in the fields has been attempted in America. Da 
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The snow in contact with the earth now begins to melt, with 
greater or less rapidity, according to the relative temperature 
of the earth and the air, while the water resulting from its dis¬ 
solution is imbibed by tho vegetable mould, and carried off by 
infiltration so fast that both the snow and tho layers of loaves 
in contact with it often seem comparatively dry, when, in fact, 
the under-surface of the former is in a state of perpetual thaw; 
No doubt a certain proportion of the snow is given off to the 
atmosphere by direct evaporation, but in the woods, tho pro¬ 
tection against the sun by even leafless trees prevents much 
loss in this way, and besides, the snow receives much moisture 
from the air by absorption and condensation. Very little 

Williams's thermometer was sunk to the depth of ten inches, and gave the fol¬ 
lowing results: 
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On the 14 th of January, 1701, in a winter romarkable for its extreme 
aovority, he found the ground, on a plain opon floid whero the snow had been 
blown away, frosen to the depth of tbroo foet and five inohes; in tho woods 
where the snow was threo feet deep, and whoro tho soil had frozen to the 
depth of six inohes before the snow feU, tho tbermometor, at six inohes 
below the surface of the ground, stood at 30*. In oonsoquonoe of the cover¬ 
ing of the snow, therefore, tho previously frozen ground had been thawed 
and raised to seven degrees above the freozmg-polnfc.— Williams's Vermont, 
i.,7.74. 

Boussingault's observations are important Employing three therm< 
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water runs off in the winter by superficial water-courses, except 
in rare cases of sudden thaw, and there cau be no question that 
much the greater part of the snow deposited in the forest is 
slowly melted and absorbed by the earth. 

The immense importance of the forest, as a reservoir of this 
stock of moisture, becomes apparent, when we consider that a 
large proportion of the summer rain either flows into the valleys 
and the rivers, because it falls faster than the ground can im¬ 
bibe it; or, if absorbed by the warm superficial strata, is evapo¬ 
rated from them without sinking deep enough to reach wells 
and springs, which, of course, depend much on winter rains 
and snows for their entire supply. This observation, though 
specially true of cleared and cultivated grounds, is not wholly 
inapplicable to the forest, particularly when, as is too often 
the case in Europe, the underwood and the decaying leaves are 
removed. 

one with the bulb an inch below the surface of powdery snow; one on the 
aurfaoe of the ground beneath the snow, then four inches deep; and ono in 
the open &ir f forty feet above the ground, on the north side of a building, he 
found, at 5 P.M., tho first thermometer at —1.5° Centigrade, the second at 0°, 
and the third at +2.5°; at 7 a.m. the next morning, the first stood at —12°, 
the seoond at —8.5°, and the third at —8°; at 5.30 the same evening No. 1 
stood at —1.4°, No. 2 at 0°, and No. 8 at + 8*. Other experiments were 
tried, and though the temperature was affected by the radiation, which varied 
with the hour of the day and the state of the sky, the upper surface of the 
snow was uniformly oolder than the lower, or than the open air. 

Aooording to the Report of the Department of Agrioulture for May and June, 
1872, Mr. 0. G. Prindle, of Vermont, in the preceding winter, found, for four 
suooessive days, the temperature immediately above the snow at 18° below 
sero; beneath the snow, whioh was but four inohes deep, at 19° above sero; 
and under a drift two feet deep, at 27° above. 

On the borders and in the glades of the Amerioan forest, violets and other 
small plants begin to vegetate as soon as the snow has thawed the soil around 
their roots, and they are not unfrequently found in full flower under two or 
three feet of snow.— Amerioan Naturalist, May, 1800, pp. 155, 150. 

In very oold weather, when the ground Is oovered with light snow, flocks 
of tho grouse of the Eastern States often plunge into the snow about sunset, 
and pass the night in this warm shelter. If the weather moderates before 
morning, a frosen orust is sometimes formed on the surface too strong to be 
broken by the birds, whioh consequently perish. 
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The quantity of snow that falls in extensive forests, far from 
the open country, has seldom been ascertained by direct obser¬ 
vation, because there are few meteorological stations in or 
near the forest. According to Thompson,* the proportion of 
water which falls in snow in the Northern States does not ex¬ 
ceed one-fifth of the total precipitation, but tho moisture de¬ 
rived from it is doubtless considerably increased by tho atmos¬ 
pheric vapor absorbed by it, or condensed and frozen on its 
surface. I think I can say from experience—and I am con¬ 
firmed in this opinion by the testimony of competent observers 
whose attention has been directed specially to tho point—that 
though much snow is intercepted by tho trees, and tho quantity 
on tho ground in tho woods is consequently less than in open 
land in the first part of tho winter, yet most of what reaches 
the ground at that season remains undor tho protection of the 
wood until melted, and as it occasionally receives new supplies 
the depth of snow in tho forest in tho latter half of winter is 
considerably greater than in tho cleared fields. Careful meas¬ 
urements in a snowy region in New England, in tho month of 
February, gave a mean of 38 inches in tho open ground and 
44 inches in the woods, t 

The general effect of tho forest in cold climates is to assim- 

* Thompson's Vermont , Appendix, p. 8. 

f Aa the loss of snow by evaporation has beon probebly exaggerated by 
popular opinion, an observation or two on tho subject may not be amiss in 
this place. It is true that in the open grounds, in clear weather and with 
a dry atmosphero, snow and ice are evaporated with great rapidity even when 
the thermomotor is much below the freezing-point; and Darwin informs us 
that the snow on the summit of Aconcagua, 23,000 feet high, and of course 
in a temperature of perpotual frost, is sometimes carried off by evaporation. 
The surface of the snow in our woods, however, does not indioate much loss 
in this way. Very small deposits of snow-flakes remain unevaporated in the 
forest, for many days after snow whioh fell at the same time in the cleared 
field has disappeared without either a thaw to melt it or a wind powerful 
enough to drift it away. Even when bared of their leaven, the trees of a wood 
obstruot, in an important degreo, both the direct action of the sun's rays on 
the snow and the movement of drying and thawing winds. 

Dr. Piper (Trees of America , p. 48) rcoords the foUowing observations: “ A 
body of snow, one foot in depth and sixteen foot square, was protooted from 




214 


IMPOBTANOE OF SNOW. 


ilate the winter state of the ground to that of wooded regions 
under softer skies; and it is a circumstance well worth noting, 
that in Southern Europe, where Nature has denied to the earth 
a warm winter-garment of flocculenfc snow, she has, by one of 
those compensations in which her empire is so rich, clothed the 
hillsides with umbrella and other pines, ilexes, cork-oaks, bays, 
and other trees of persistent foliage, whose evergreen leave* 
afford to the soil a protection analogous to that which it derives 
from snow in more northern climates. 

The water imbibed by the soil in winter sinks until it meets 
a more or less impermeable or a saturated stratum, and then, 
by unseen conduits, slowly finds its way to the channels of 
springs, or oozes out of the ground in drops which unite in 
rills, and so all is conveyed to the larger streams, and by them 
finally to the sea. The water, in percolating through the vege¬ 
table and mineral layers, acquires their temperature, and is 
chemically affected by their action, but it carries very little 
matter in mechanical suspension. 

The process I have described is a slow one, and the supply 
of moisture derived from the snow, augmented by the rains of 
the following seasons, keeps the forest-ground, where the sur¬ 
face is level or but moderately inclined, in a state of approxi¬ 
mate saturation throughout almost the whole year. * 


the wind by a tight board fenoe about five feet high, while another body of 
enow, much more (sheltered from the sun than the first, six feet in depth, and 
about sixteen feet square, was fully exposed to the wind. When the thaw 
came on, whioh lasted about a fortnight, the larger body of snow was entirely 
dissolved in loss than a week, while the smaller body was not wholly gone at 
the end of the second week. 

44 Equal quantities of snow were plaoed in vessels of the same kind and 
oapaoity, the temperature of the air being seventy degrees. In the one oase, 
a oonstant current of air was kept passing over the open vessel, while the other 
was proteeotd by a oover. The snow in the first was dissolved in sixteen 
minutes, while the lattor had a small unthawed proportion remaining at the 
end of eighty-five minutes." 

The snow in the woods is protected in the same way, though not literally to 
the same extent, as by the fenoe in one of these oases and the oover in the other. 

• The statements I have made, here and elsewhere, respecting the humidity 
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It may be proper to observe here that in Italy, and in many 
parts of Spain and France, the Alps, the Apennines, and the 
Pyrenees, not to speak of less important mountains, porform 
the functions which provident nature has in other regions assign¬ 
ed to the forest, that is, they act as reservoirs wherein is accu¬ 
mulated in winter a supply of moisture to nourish the parched 
plains during the di-oughts of summer. Hence, however enor¬ 
mous may be the evils which have accrued to the above-men¬ 
tioned countries from the destruction of the woods, tho absolute 
desolation which would otherwise have smitten them through tho 
folly of man, has been partially prevented by those natural 
dispositions, by means of which there are stored up in tho 
glaciers, in the snow-fields, and in the basins of mountains and 
valleys, vast deposits of condensed moisturo which are after¬ 
wards distributed in a liquid form during the season iu which 
tho atmosphere furnishes a slender supply of tho beneficent 
fluid so indispensable to vegetable and animal life.* 

Summer Rains, Importance of. 

Babinet quotes a French proverb: "Summer rain wots 
nothing,” and explains it by saying that at that season tho rain- 


of the soil in natural forests, have been, I understand, dented by Mr. T. Mee¬ 
han, a distinguished American naturalist, in a paper which I have not seen. 
He is quoted as maintaining, among other highly questionable propositions, 
that no ground is “ so dry in its subsoil as that which sustains a forest on its 
surface.*' In open, artificially planted woods, with a smooth and rogular sur¬ 
face, and especially in forests where the fallen leaves and branches are annu¬ 
ally burnt or carried off, both tho suporiloial and the subjacont strata may, 
under certain circumstances, become dry, but this rarely, if ovor, happens in a 
wood of spontaneous growth, undeprivod of tho protection affordod by its own 
droppings, and of the natural aooidents of surface which tend to tho retention 
of water. See, on this point, a very ablo article by Mr. Henry Stewart, in 
the New York Tribune of November 23, 1873. 

* The accumulation of snow and ice upon the Alps and other mountain*— 
whieh often fiUs np valleys to the height of hundreds of foot—is duo not 
only to the fall of congealed and crystallised vapor in tho form of snow, to tho 
condensation of atmospheric vapor on tho surfaoe of snow-Colds and gladers, 
and to a temporature whioh prevents tho rapid molting of snow, but also to 
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water is “ almost entirely carried off by evaporation.” “ The 
rains of summer,” he adds, “however abundant they may bo, 
do not penetrate the soil boyond the depth of six or eight 
inches. In summer the evaporating power of the heat is five 
or six times greater than in winter, aud this force is exerted by 
an atmosphere capable of containing five or 6ix times as much 
vapor as in winter.” “A stratum of snow which prevents 
evaporation [from the ground], causes almost all the water 
that composes it to filter into the earth, and forms a provision 
for fountains, wells, and streams which could not be furnished 
by any quantity whatever of summer rain. This latter, useful 
to vegetation like the dew, neither penetrates the soil nor 
accumulates a store to supply the springs and to be given out 
again into the open air.” * 


the well-known fact that, at lonst up to the height of 10,000 feet, rain and snow 
aro more abundant on the mountains than at lower levels. 

But another reason may be suggested for the increase of atmospherio hu¬ 
midity, and consequently of the precipitation of aqueous vapor on mountain 
chains. In discussing the influence of mountains on precipitation, meteorologists 
have generally treated the popular belief, that mountains “ attract ” to them 
olouds floating within a certain distance from them, as an ignorant prejudice, 
and they ascribe the appearance of clouds about high peaks solely to the con¬ 
densation of the humidity of the air carried by atmospherio currents up the 
slopes of the mountain to a oolder temperature. But if mountains do not 
really draw clouds and invisible vapors to them, they are an exception to the 
universal law of attraction. The attraction of the small Mount Shehallien was 
found sufficient to defleot from the perpendicular, by a measurable quantity, 
a phimraet weighing but a few ounces. Why, then, should not greater masses 
attract to them volumes of vapor weighing many tons, and floating freely in 
the atmosphere within moderato distanoos of the mountains ? 

* fitude* et Lecture*, vol. vi., p. 118, The experiments of Jobnstrup in 
the vicinity of Copenhagen, where the mean n.nnnnl preolpitution la 
inches, and where the evaporation must be less than in the wanner and drier 
atmosphere of France, form the most oareful series of observations on this 
subject whioh I have met with. Johnstrup found that at the depth of a 
metre and a half (50 inches) the effects of rain and evaporation were almost 
imperceptible, and beoame completely so at a depth of from two to three 
metres (0$ to 10 feet). During the sumxnor half of the year the evaporation 
rather exoeoded the rainfall; during the winter the entire preoipitation 
was absorbed by the soil and transmitted to lower strata by infiltration. The 
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This conclusion, however applicable to the climato and to the 
soil of Franco, is too broadly stated to be received as a general 
truth; and in countries like the United States, whore rain is 
comparatively rare during the winter and abundant during tlio 
summer half of the year, common observation shows that the 
quantity of water furnished by deep wells and by natural springs 
depends almost as much upon the rains of summer os upon those 
of the rest of the year, and consequently that a largo portion of 
the rain of that season must tind its way into strata too deep for 
the water to bo wasted by evaporation.* 


stratum between one niotre and a bulf (50 inches) and throo motres (10 foot) 
from tho surfuoo wan then pormaneutly in tha condition of a saturated 
sponge. neither receiving nor losing humidity during the eummor half of tho 
year, but receiving from superior, and giving oif to lower, strata an equal 
amount of moisture during the winter half.—JoiixurnuP, Otn FuyLiyludct* 
Dci'frgcUt i drn naturtiye Jordbwul Kjobonhavn, 18C0. 

Dalton's experiments in the years 1700,1707, and 1708 appoared to show 
that the mean absorption of tho downfall by the earth in thoso years was 
twenty-nine per cent 

Dickinson, employing the samo apparatus for eight years, found the absorp¬ 
tion to vary widely in different years, the mean being forty-seven per cent 

Chamook’s experiments in two years show an absorption of from seventeen 
to twenty-seven per cont. 

* According to observations at one hundrod military stations in the United 
States, the precipitation ranges from three and a quarter inches at Fort Yuma 
in California to about seventy-two inches at Fort Pike, Louisiana, the moan 
for tho entiro territory, not including Aliaska, boing thirty-six inohes. In the 
different sections of the Union it is as foUows : 


North-eastom States.. .... 41 inches. 

New York.30 “ 

Middle States... .40} “ 

Ohio.40 ** 

Southern States.......................... 01 “ 

S. W. States anil Indian Territories.80} “ 

Western States and Territories... 30 “ 

Texas and New Mexioo................... 24} “ 

California. 18} “ 

Oregon and Washington Territory. . .. 00 *' 


The mountainous regions, it appears, do not rooeivo tho greatost amount of 
precipitation. The average downfall of the Southern States bordering on the 
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Besides, even admitting that the water from summer rains is 
so completely evaporated as to contribute nothing directly to 
the supply of springs, it at least tends indirectly to maintain their 
flow, because it saturates in part the atmosphere, and at the 
same time it prevents the heat of the sun from drying the earth 
to Btill greater depths, and bringing within the reach of evapo¬ 
ration the moisture of strata which ordinarily do not feel the 
effects of solar irradiation. 

Influence of the Forest on the Flow of Springs. 

It is an almost universal and, I believe, well-founded opinion, 
that the protection afforded by the forest against the escape of 
moisture from its soil by superficial flow and evaporation insures 
the permanence and regularity of natural springs, not only 
within the limits of the wood, but at some distance beyond its 
borders, and thus contributes to the supply of an element essen¬ 
tial to both vegetable and animal life. As the forests are 
destroyed, the springs which flowed from the woods, and, conse¬ 
quently, the greater water-courses fed by them, diminish both 
in number and in volume. This fact is so familiar throughout 
the American States and the British Provinces, that there are 
few old residents of the interior of those districts who are not 
able to testify to its truth as a matter of personal observation. 
My own recollection suggests to me many instances of this sort, 
and I remember one case where a small mountain spring, which 
disappeared soon after the clearing of the ground where it rose, 
was recovered about twenty years ago, by simply allowing the 
bushes and young trees to grow up on a rocky knoll, not more 

Atlantic and the Gulf of Mexioo exoeeds the mean of the whole United States, 
being no leas than fifty-one inohes, while on the Pacific ooast it ranges from 
fifty to fifty-six inches. 

Aa a general rule, it may be stated that at the stations on or near the aeo- 
ooast the precipitation is greatest in the spring months, though there are ser¬ 
osal exceptions to this remark, and at a large majority of the stations the 
downfall is considerably greater in the summer months than at any other 
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than half an acre in extent, immediately above the spring. The 
ground was hardly shaded before the water reappeared, and it 
has ever since continued to flow without interruption. The hills 
in the Atlantic States formerly abounded in springs and brooks, 
but in many parts of these States which were cleared a genera* 
tion or two ago, the hill-postures now suffer severely from 
drought, and in dry seasons furnish to cattle neither grass nor 
water. 

Almost every treatise on the economy of the forest adduces 
facts in support of the doctrine that the clearing of the woods 
tends to diminish the flow of springs and the humidity of the 
soil, and it might seem unnecessary to bring forward further 
evidence on this point.* But the subject is of too much practi¬ 
cal importance and of too great philosophical interest to be 
summarily disposed of; and it ought to be noticed that there is 
at least one case—that of some loose sandy soils which, as ob¬ 
served by Vall£s,t when bared of wood very rapidly absorb 
and transmit to lower strata the water they receive from the at¬ 
mosphere—where the removal of the forest may increase the 
flow of springs at levels below it, by exposing to the rain and 
melted snow a surface more bibulous, and at the &amo timo less 
retentive, than its original covering. Under such circumstances, 
the water of precipitation, which had formerly been absorbed 
by the vegetable mould and retained until it was evaporated, 
might descend through porous earth until it meets &u impormo- 

* 44 Why go so far tot the proof of a phenomenon that U repoatod ovory day 
under our own eyes, and of whioh ovory Parisian may oonvinoo himself, with¬ 
out venturing beyond the Bois do Boulogno or tho forest of Meudou ? Lot him, 
after a few rainy days, pass along tho Chovreuse road, which is bordered on 
the right by the wood, on tho left by cultivated fields. The faU of water 
and the continuanoe of the rain have boon tho same on both sidos; but tho 
ditoh on the side of the forest wiU remain filled with water proceeding from 
the infiltration through the wooded soil, long after the other, contiguous to 
the open ground, has performed its offioe of drainage and booome dry. Tho 
ditoh on the left will have discharged in a few hours a quantity of water, 
which the ditoh on the right requires soveral day# to reoeive and oarxy down 
to tho Talley."—C lavA, Etudei, etc., pp. 53, 54. 

t VallLs, £tudu iur la Jnondatiaiu^ p. 473. 
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able stratum, and then be conducted along it, until, finally, at the 
outcropping of this stratum, it bursts from a hillside as a run¬ 
ning spring. But such instances are doubtless too rare to form 
a frequent or an important exception to the general law, because 
it is very seldom the case that such a soil as has just been sup¬ 
posed is covered by a layer of vegetable earth thick enough to 
retain, until it is evaporated, all the rain that falls upon it, with¬ 
out imparting any water to the strata below it. 

If we look at the point under discussion as purely a question 
of fact, to be determined by positive evidence and not by argu¬ 
ment, the observations of Boussingault are, both in the circum¬ 
stances they detail and in the weight to be attached to the 
testimony, among the most important yet recorded. The interest 
of the question will justify me in giving, nearly in Boussin- 
gault’s own words, the facts and some of the remarks with which 
he accompanies the detail of them. “ In many localities,” he 
observes,* M it has been thought that, within a certain number 
of yearn, a sensible diminution has been perceived in the volume 
of water of streams utilized as a motive-power; at other points, 
there are grounds for believing that rivers havo become shal¬ 
lower, and the increasing breadth of the belt of pebbles along 
their banks seems to prove the loss of a part of their water; and, 
finally, abundant springs havo almost dried up. These obser¬ 
vations have been principally made in valleys bounded by high 
mountains, and it has been noticed that this diminution of the 
waters has immediately followed the epoch when the inhabitants 
liave begun to destroy, unsparingly, the woods which were 
spread over the face of the land. 

“ And here lies the practical point of the question; for if it 
is once established that clearing diminishes the volume of 
streams, it is less important to know to what special cause this 
effect is due. The rivers which rise within the valley of Ara- 
gua, having no outlet to the ocean, form, by their union, the 
Lake of Tacarigua or Valencia, having a length of about two 
leagues and a half [= 7 English miles]. 

* £conmi* Mwrali, t U., p. 780. 
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u At tho timo of Humboldt’s visit to the valley of Aragua, 
the inhabitants were struck by tho gradual diminution which 
the lake had been undergoing for thirty years. In fact, by 
comparing the descriptions given by historians with its actual 
condition, even making largo allowance for exaggeration, it 
was easy to see that the level was considerably depressed. Tho 
facts spoke for themselves. Oviedo, who, toward tho closo of 
the sixteenth century, had often traversed the valley of Ara¬ 
gua, say6 positively that New Valencia was founded, in 1555, 
at half a league from the Lake of Tacarigua; in 1800, Hum¬ 
boldt found this city 5,260 metres [= 3£ English miles] from 
the shore. 

“The aspect of the soil furnished now proofs. Many hil¬ 
locks on the plain retain the name of islands, which they more 
justly bore when they were surrounded by water. Tho ground 
laid bare by the retreat of tho lake was converted into admi¬ 
rable plantations ; and buildings erected near tho lake showed 
the sinking of tho water from year to year. In 1706, new 
islands made their appearance. A fortress built in 1740 on 
the island of Cabrera, was now on a peninsula; and, finally, 
on two granitic islands, those of Cura and Cabo Blanco, Hum¬ 
boldt observed among the shrubs, some metres above the 
water, fine sand filled with helieites. 

“ These clear and positive facts suggested numerous expla¬ 
nations, all assuming a subterranean outlet, which permitted 
tho discharge of the water to the ocean. Humboldt disposed 
of these hypotheses, and did not hesitate to ascribe tho dimi¬ 
nution of the waters of the lake to tho numerous clearings 
which had been made in the valley of Aragua within half a 
century.” 

Twenty-two years later, Boussingault explored tho valley 
of Aragua. For some years previous, tho inhabitants had ob¬ 
served that tho waters of the lake were no longer retiring, but, 
on the contraiy, were sensibly rising. Grounds, not long 
before occupied by plantations, were submerged. Tho islands 
of Nuovas Aparecidas, which appeared above tho surface in 
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1796, hod again become shoals dangerous to navigation. Ca¬ 
brera, a tongue of land on the north side of the valley, was so 
narrow that the least rise of the water completely inundated 
it A protracted north wind sufficed to flood the road between 
Maracay and New Valencia. The fears which the inhabitants 
of the shores had so long entertained wore reversed. Those 
who had explained the diminution of the lake by the suppo¬ 
sition of subterranean channels were suspected of blocking 
them up, to prove themselves in the right. 

During the twenty-two years which had elapsed, the valley 
of Aragua had been the theatre of bloody struggles, and war 
had desolated these smiling lands and decimated their popula¬ 
tion. At the first cry of independence a great number of 
slaves found their liberty by enlisting under the banners of 
the new republic; the great plantations were abandoned, and 
the forest, which in the tropics so rapidly encroaches, had soon 
recovered a large proportion of the soil which man had 
wrested from it by more than a century of constant and pain¬ 
ful labor. 

Boussingault proceeds to 6tate that two lakes near Ubato, 
in New Granada, had formed but one, a century before his 
visit; that the waters were gradually retiring, and the plan¬ 
tations extending over the abandoned bed; that, by inquiry of 
old hunters and by examination of parish records, ho found that 
extensive clearings had been made and were still going on. 

Ho found, also, that the length of the Lake of Fuquend, in 
tho same valley, hod, within two centuries, been reduced from 
ten leaguos to one and a half, its breadth from three leagues to 
one. At the former period, the neighboring mountains were 
well wooded, but at tho time of his visit the mountains had 
been almost entirely stripped of their wood. Our author adds 
that other cases, similar to those already detailod, might be 
cited, and he proceeds to show, by several examples, that the 
waters of other lakes in the same regions, where the valleys 
had always been bare of wood, or whore the forests had not 
been disturbed, had undergone no change of level. 
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Boussingault further 6tates that the lakes of Switzerland 
have sustained a depression of level since tho too prevalent 
destruction of tho woods, and arrives at tho general conclusion 
that, “in countries where great clearings lmvo been made, 
there has most probably been a diminution in tho living waters 
which flow upon the surface of tho ground.” This conclusion 
he further supports by two examples: one, where a fine spring, 
at the foot of a wooded mountain in the Island of Ascension, 
dried up when tho mountain was cleared, but reappeared when 
the wood was replanted; tho other at Marmato, in tho province 
of Popayan, where tho streams employed to drive machinery 
were much diminished in volume, within two years after the 
clearing of tho heights from which they derived their supplies. 
This latter is an interesting case, because, although the rain- 
gauges, established as soon as tho decrease of wator began to 
excite alarm, showed a greater fall of rain for tho second 
year of observation than tho first, yet thoro was no appre¬ 
ciable increaso in the flow of tho mill-streams. From these 
cases, tho distinguished physicist infers that very restricted 
local clearings may diminish and oven suppress springs 
and brooks, without any reduction in tho total quantity of 
rain. 

It will have been noticed that theso observations, with tho 
exception of tho last two cases, do not bear directly upon tho 
question of tho diminution of springs by clearings, but they 
logically infer it from the subsidence of tho natural reservoirs 
which springs once filled. There is, however, no want of posi¬ 
tive evidence on this subject. 

Marchand cites the following instances: “ Beforo tho felling 
of the woods, within the last few years, in tho valloy of tho 
Soulco, tho Combe-es-Monnin and tho Little Valley, tho Some 
furnished a regular and sufticicnt supply of water for tho iron¬ 
works of Untorwyl, which was almost unaffected by drought or 
by heavy rains. Tho Some has now bccomo a torrent, every 
shower occasions a flood, and after a few days of lino weather, 
tho current falls so low that it has been necessary to change 
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the water-wheels, because those of the old construction are no 
longer able to drive tho machinery, and at last to introduce a 
steam-engine to prevent the stoppage of the works for want of 
water. 

“When the factory of St. Ur6anne was established, tho 
river that furnished its power was abundant, and had, from 
time immemorial, sufficed for the machinery of a previous 
factory. Afterwards, the woods near its sources were cut. 
The supply of water fell off in consequence, tho factory 
wanted water for half the year, and was at last obliged to stop 
altogether. 

“ Tho spring of Combefoulat, in the commune of Seleate, was 
well known as one of tho best in the country; it was remark¬ 
ably abundant, and sufficient, in the severest droughts, to 
supply all the fountains of tho town; but as soon as consider¬ 
able forests were follod in Combe-de-prd Martin and in tho 
valley of Combefoulat, the famous spring, which lies below 
these woods, has become a mere thread of water, aud disappears 
altogether in times of drought. 

“The spring of Varicux, which formerly supplied tho casilo 
of Pruntrut, lost more than half its water aftei tho clearing of 
Yarieux and Eougeoles. These woods have been replanted, 
the young trees are growing well, and, with tho woods, tho 
waters of tho spring are increasing. 

“ Tho Dog Spring between Pruntrut and Prcssanconrt has 
entirely vanished sinco tho surrounding fore6t-grounds wero 
brought under cultivation. 

“ The Wolf Spring, in tho commune of Soubey, furnishes a 
remarkable example of tho influence of tho woods upon foun¬ 
tains. A few years ago this spring did not exist. At the placo 
where it now rises, a small thread of water was observed after 
very long rains, but the stream disappeared with tho rain. Tho 
spot is in the middle of a voiy steep pasture inclining to tho 
south. Eighty years ago, the owner of the land, perceiving 
that young firs wore shooting up in the upper part of it, de¬ 
termined to let them grow, aud they soon formed a flourishing 
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grovo. As soon as they were well grown, a fino spring ap¬ 
peared in place of the occasional rill, and furnished abundant 
water in the longest droughts. For forty or fifty years this 
spring was considered the best in the Clos du Doubs. A few 
years since, the grove was felled, and the ground turned again 
to a pasture. The spring disappeared with the wood, and is 
now as dry as it was ninety years ago.” * 

Siemoni gives the following remarkablo facts from his own 
personal observation: 

u In a rocky nook near the crest of n mountain in the Tuscan 
Apennines, there flowed a clear, cool, and perennial fountain, 
uniting three distinct springs in a single current. Tho ancient 
beochos around and particularly above tho springs wero foiled. 
On tho disappearance of the wood, tho springs coasod to flow, 
except in a thread of water in rainy weather, greatly inforior 
in quality to that of tho old fountain. Tho beeches wore 
succocdod by firs, and as soon as thoy had grown sufficiently 
to shade tho soil, tho springs began again to flow, and thoy 
gradually returned to their former abundanco and quality.t 
This and tho next preceding case are of great importance 
both as to tho action of tho wood in maintaining springs, and 
particularly os tending to prove that evergreens do not cxcrciso 
the desiccativo influence ascribed to them in Franco. The latter 
instance shows, too, that tho protective influence of tho wood 
extends far below the surface, for tho quality of tho water was 
determined, no doubt, by the depth from which it was drawn. 
Tho slender occasional supply after tho beeches wero cut was 
rain-water which soaked through the superficial lmmus and 
oozed out at tho old orifices, carrying tho tasto and temperature 
of tho vegetable soil with it; the more abundant and grateful 
water which flowed before tho bcochos wore cut, and after tho 
firs were well grown, came from a deeper source and had been 
purified, and cooled to tho menu temperature of tho locality, 
by filtering through strata of mineral earth. 

* Ueb$r dU EnUcaldung der Ocbirge, pp. 20 et ttqq . 
t Manual* cCArU ForttldU, 3 J » ©dlzione, p. 403. 
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“ Tlio influence of the forest on springs,” says Ilummol, “ is 
strikingly shown by an instance at Ileilbronn. The woods on 
tlie hills surrounding the town are cut in regular succession 
every twentieth year. As the annual cuttings approach a cer¬ 
tain point, the springs yield less water, some of them none at 
all; but as the young growth shoots up, they flow more and 
more freely, and at length bubblo up again in all their original 
abundance.” # 

Dr. Piper states the following case: “Within about half a 
miloof my residence there is a pond upon which mills have been 
standing for a long time, dating back, I believe, to the first 
settlement of the town. Those have been kept in constant 
operation until within some twenty or thirty yearn, when the 
supply of water began to fail. The pond owes its existence to 
a stream that has its source in the hills which stretch some 
miles to tho south. Within the time mentioned, these hills, 
which were clothed with a dense forest, have been almost en¬ 
tirely stripped of trees; and to tho wonder and loss of the mill- 
owners, the water in the pond has failed, except in tho season 
of freshets; and, what was never heard of before, tho stream 
itself has been entirely dry. Within the last ten years a new 
growth of wood has sprung up on most of the land formerly 
occupied by tho old forest; and now the water runs through 
the year, notwithstanding the great droughts of the last few 
yearn, going back from 1850.” 

Dr. Piper quotes from a letter of William C. Bryant the 
following remarks: “ It is a common observation that our sum¬ 
mers are becoming drier and our streams smaller. Take tho 
Cuyahoga as an illustration. Fifty years ago large barges loaded 
with goods went up and down that river, and one of the vessels 
engaged in the battle of Lake Erie, in which tho gallant 
Perry was victorious, was built at Old Portage, six miles north 
of Albion, and floated down to the lake. Now, in an ordinary 
stage of tho water, a eanoe or skiff can hardly pass down the 
6trcam. Many a boat of fifty tons burden has been built and 


• Phytikhe Geographic p. 88. 
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loaded in the Tuscarawas, at Now Portage, and sailed to New 
Orleans without breaking bulk. Now, the river hardly affords 
a supply of water at New Portage for the canal. The same 
may bo said of other streams—they are drying up. And from 
the same cause—the destruction of our forests—our summers 
are growing drier and our winters colder.” * 

No obsorver has more carefully studied the influence of the 
forest upon the flow of the waters, or reasoned more ably on 
the ascertained phenomena, than Oantegril. The facts presented 
in the following case, communicated by him to tho Ami dea 
Sciences for December, 1850, are as nearly conclusive as any 
single instance well can be: 

li In tho territory of tho communo of Labroguiftro there is 
a forest of 1,S34 hectares [4,530 acres], known by tho name of 
the Forest of Montaut, and belonging to that communo. It 
extends along tho northern 6lopo of tho Black Mountains. Tho 
soil is granitic, tho maximum altitude 1,243 mitres [4,140 feet], 
and tho inclination ranges between 15 and CO to 100. 

“ A small current of water, tho brook of Caunan, takes its 
rise in this forest, and receives tho waters of two-thirds of its 
surface. At tho lower extremity of tho wood and on the 
stream are several fulleries, each requiring a forco of eight 
liorse-powcr to drive tho water-wheels which work the stamp¬ 
ers. Tho commune of Labrugui5ro had been for a long time 
famous for its opposition to forest laws. Trespasses and abuses 
of tho right of pasturago had converted tho wood into an im¬ 
mense waste, so that this vast property now scarcely sufficed to 
pay the expense of protecting it, and to furnish the inhabitants 
with a meagre supply of fuel. While tho forest was thus ruined, 
and tho soil thus bared, tho water, after every abundant rain, 
made an eruption into tho valley, bringing down a great quantity 
of pebbles which still clog tho current of tho Caunan. Tho 
violence of the floods was sometimes such that they wero 
obliged to stop the machinery for some time. During tho sum¬ 
mer another inconvenience was felt. If tho dry weather con- 


The Trees of America^ pp. 50, 51. 
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tinned a little longer than usual, the delivery of water became 
insignificant. Each fullery could for the most part only em¬ 
ploy a single set of stampers, and it was not unusual to see the 
work entirely suspended. 

“ After 1840, the municipal authority succeeded in enlight¬ 
ening the population as to their true interests. Protected by a 
more watchful supervision, aided by well-managed replantation, 
the forest has continued to improve to the present day. In 
proportion to the restoration of the forest, the condition of 
the manufactories has become less and less precarious, and tho 
action of the water is completely modified. For example, sud¬ 
den and violent floods, which formerly made it necessary to 
stop tho machinery, no longer occur. There is no increase in 
the delivery until six or eight hours after the beginning of the 
rain; the floods follow a regular progression till they reach 
their maximum, and decrease in the same manner. Finally, 
die fullcries are no longer forced to suspend work in summer; 
the water is always sufficiently abundant to allow tho employ¬ 
ment of two sets of stampers at least, and often even of three. 

u This example is remarkable in this respect, that, all other 
circumstances having remained the same, the changes in the 
action of the stream can be attributed only to tho restoration 
of the forest—changes which may be thus summed up: dimi- 
nution of flood-water during rains—increase of delivery at 
other seasons.” 

Becquerel and other European writers adduce numerous 
other cases where tho destruction of forests has caused the dis¬ 
appearance of springs, a diminution in the volume of rivers, 
and a lowering of the level of lakes, and in fact, the evidenco 
in support of the doctrine I have been maintaining on this 
subject seems to be as conclusive as the nature of the case ad¬ 
mits.* We cannot, it is true, arrive at the same certainty and 
precision of result in these inquiries as in those branches of 

• See, in the Revue da Earn et Forlti for April, 1807, an article entitled 
De Vinfluence da Forite eur k Rigime da Faux, and the papers in previous 
numbers of the same journal therein referred to. 
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physical research where exact quantitative appreciation is pos¬ 
sible, and we must content ourselves with probabilities and 
approximations. We cannot positively affirm that the precipi¬ 
tation in a given locality is increased by the presence, or 
lessened by the destruction, of the forest, and from our igno¬ 
rance of the subterranean circulation of the waters, wo cannot 
predict, with certainty, the drying up of a particular spring as 
a consequence of the felling of the wood which shelters it; 
but the general truth, that the flow of springs and the normal 
volume of rivers rise and fall with the extension and the diminu¬ 
tion of the woods where they originate and through which thoy 
run, is as well established as any proposition in the scicnco of 
physical geography.* 

* Some years ago it was popularly believed that tho volume of the Missis¬ 
sippi, like that of the Volga and other rivers of the Eastern Hemisphere, was 
diminished by tho increased evaporation from its basin and the drying up of 
the springs in consequence of the felling of the forests in the vicinity of the 
sources of its eastern affluents. The boatnion of this great river and olhor 
intelligent observers now assure us, however, that tho mean and normal level 
of the Mississippi has risen within a few years, and that in consequcnco the 
river is navigable ot low water for boats of greater draught and at higher 
points in its course than was tho case twenty-five years ago. 

This supposed increaso of volume has been attributed by somo to the rccont 
re-wooding of the prairies, but tho plantations thu3 far made aro not yet 
sufficiently extensive to produce an appreciable effect of this nnturo; and 
besides, while young trees have covered some of tho prairies, the destruction of 
the forest has been continued perhaps in a greater proportion in other parts of 
tho basin of the river. A moro plausible opinion is that the substitution of 
ground that is cultivated, and consoquoutly spongy and absorbent, for the 
natural soil of the prairies, has furnished a reservoir for the rains whioh are 
obaorbed by tho earth and carried gradually to tho river by subterranean llpw, 
instead of running off rapidly from tho surface, or, oh is more probable, instead 
of evaporating or boing token up by the vigorous herbaceous vegotation whioh 
covers tho natural prairie. 

A phenomenon so contrary to oommon experience, os would bo a pormanont 
Increase in tho waters of a great river, will not bo accepted without tho most 
convincing proofs. The present groator facility of navigation may bo attrib¬ 
uted to improvements in the model of the boats, to the removing of sand¬ 
banks and other impediments to the flow of the waters, or to the oonfining of 
these waters in a narrower obannel, by extending the embankments of the 
river, or to yet other oanses. 
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Of the converse proposition, namely, that the planting of 
now forests gives rise to now springs and restores the regular 
flow of rivers, I find less of positive proof, however probable it 
may bo that 6uch effects would follow.* A reason for the 
want of evidence on the subject may be, that, under ordinary 
circumstances, the process of conversion of bare ground to soil 
with a well-wooded surface is so gradual and slow, and the 
time required for a fair experiment is consequently so long, 
that many changes produced by the action of the new geo¬ 
graphical element escape the notice and the memory of ordi- 


So remarkable a change could not have esoaped the notico of Humphreys 
and Abbot, whose most able labors comprise the years 1830-1801, had it 
occurred during that period or at any former time within the knowlodge of 
the many observers they consulted; but no suoh fact is noticed in thoir ox-v 
hautttivo report. However, even if An increase in the volume of the Mississippi, 
for a period of ten or twenty years, woro certain, it would still be prematuro to 
consider this increase as normal and constant, since it might very woll be 
produc d by causes yet unknown and analogous to those whiuh influence the 
mysterious advauoo and retreat of those Alpine ioo-rivers, tho glaoiors, Among 
such causos we may suppose a long sories of rainy soasons in rogions where 
important tributaries have thoir far-off and almost uuknown source*; and 
with no loss probability, wo may oonooive of tho oponiug of communications 
with great subtorranoan roservoirs, whioh may from year to year empty large 
quantities of water into the bed of the stream ; or the closing up of orifices 
through which a considerable portion of the water of the river onco made its 
way for tho supply of such reservoirs.—Soo upon this point, Chap. IV., Of 
Subterranean Walert; post . 

* According to the Report of tho Dop&rtment of Agriculture for February, 
1872, it is thought in the Far West that the young plantations have already 
influenced the water-courses iu that rogion, aud it is alleged that anoiont 
river-beds, novor known to contain wator since the settlement of the country, 
have begun to flow sinoe these plantations wore commenood. See also Hay¬ 
den, lUjyort on Geologioal Survey of Wyoming , 1870, p. 104, and Bbyant, 
Forest Trees , 1671, chap. iv. 

In the Voyage an tour du Monde of the Comte de Beauvoir, chap, x., this 
passage occurs: Dr. Mttllor, Director of the Botanio Garden at Melbourne, 
“ has distributed through the interior of Australia millions of scodling trees 
from his nurseries. Small rivulets are soon formed under the young wood; 
the results ore superb, and the observation of every suooessive year oonfirms 
them. On bare soils he has created, at more than a hundred points, forests 
and water-ooorsea. n 
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nary observers. Tho growth of a forest, including tlio formation 
of a thick stratum of vegetable mould beneath it, is tho work of 
& generation, its destruction may be accomplished in a day; and 
lienee, while the results of the one process may, for a consider¬ 
able time, bo doubtful if not imperceptible, those of tho other 
are immediate and readily appreciable. Fortunately, tho plan¬ 
tation of a wood produces other beneficial consequences which 
are both sooner realized and more easily estimated; and though 
lie who drops the seed is sowing for a future generation as well 
as for his own, tho planter of a grove may hope himself to reap 
a fair return for his expenditure and his labor. 

Influence of the Forest on Inundations and Torrents . 

Inasmuch as it is not yet proved that tho forests augmont or 
diminish tho precipitation in tho regions they principally cover, 
wo cannot positively affirm that their presence or absence in¬ 
creases or lessens the total volume of tho water annually de¬ 
livered by groat rivers or by mountain torrents. It is never¬ 
theless certain that they exercise an action on tho discharge of 
tho water of rain and 6iiow into tho valloys, ravines, and other 
depressions of the surface, where it is gathered into brocks and 
finally larger currents, ami consequently intinonco tho char¬ 
acter of floods, both in rivers and in torrents. For this reason, 
river inundations and tho devastations of torrents, and the 
geographical effects resulting from them, so far as they are 
occasioned or modified by the action of forests or of tho destruc¬ 
tion of tho woods, may properly bo discussed in this chapter, 
though they might scorn otherwise to belong more appropri¬ 
ately to another division of this work. 

Besides tho climatic question, which I have already suffici¬ 
ently discussed, and tho obvious inconveniences of a scanty 
supply of charcoal, of fuel, and of timber for architectural and 
naval construction and for tho thousand other uses to which 
wood is applied in rural and domestic economy, and in tho 
various industrial processes of civilized life, tho attention of 
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European foresters and public economists has been specially 
drawn to throe points, namely: the influence of the forests on 
the permanence and regular flow of springs or natural foun¬ 
tains ; on inundations by the overflow of rivers; and on the 
abrasion of soil and the transportation of earth, gravel, pebbles, 
and even of considerable masses of rock, from higher to lower 
levels, by torrents. There are, however, connected with this 
general subject, several other topics of minor or strictly local 
interest, or of more uncertain character, which I shall have 
occasion more fully to speak of hereafter. 

The first of these three principal subjects—the influence of 
the woods on springs and other living waters—has boon 
already considered; and if the facts stated in that discussion are 
well established, and the conclusions I have drawn from thorn 
are logically sound, it would seem to follow, as a necessary 
corollary, that the action of the forest is as important in dimin¬ 
ishing the frequency and violence of river-floods as in securing 
the permanence and equability of natural fountains; for any 
cause which promotes the absorption and accumulation of the 
water of precipitation by the superficial strata of the soil, to bo 
slowly given out by infiltration and percolation, must, by pre¬ 
venting the rapid flow of surface-water into the natural channels 
of drainage, tend to check the suddon rise of rivers, and, con¬ 
sequently, the overflow of their banks, which constitutes what 
is called inundation. 

The surface of a forest, in its natural condition, can never 
pour forth such deluges of water as flow from cultivated 6oil. 
Humus, or vegetable mould, is capable of absorbing almost 
twice its own weight of water. Tho soil in a forost of decid¬ 
uous foliage is composed of humus, more or less unmixed, to 
the depth of several inches, sometimes eveu of feet, and this 
stratum is usually able to imbibe all the water possibly result¬ 
ing from tho snow which at any one time covers, or the raiu 
which in any one shower falls upon, it. But the vegetable 
mould does not cease to absorb water when it becomes satu¬ 
rated, for it then gives off a portion of its moisture to the min- 
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eral earth below, and thus is ready to receive a now supply; 
and, besides, the bed of leaves not yet converted to mould lakes 
up and retains a very considerable proportion of snow-water, as 
well as of rain. 

Tlie 6tems of trees, too, and of underwood, the trunks and 
6tmnps and roots of fallen timber, the mosses and fungi and the 
numerous inequalities of the ground observed in all forests, 
oppose a mechanical resistance to the flow of water over the 
surface, which sensibly retards the rapidity of its descent down 
declivities, and diverts and divides streams which may have 
already accumulated from smaller threads of water.* 


* In a letter addressed to tho Minister of Public Works, aftor tho terriblo 
Inundations of 1357, tho late Emperor of Franco thus happily expressed him- 
self: “Before we seek tho remedy for uu evil, we inipiiro into its cause. 
Whence coino tho suddon floods of our rivers If From tho water which falls 
ou the mountains, not from that which fulls on tho plains. Tho waters which 
fall on our fields produco but few rivulets, but those which fall ou our roofs 
and are collected in tho gutters, form small streams at once. Now, tho roofs 
aie mountains—tho gutter* aro valleys.” 

“To cunlinuo tlio comparison,” observes D’Hcrieourfc, “roofs aro smooth 
ar.d impormcahlo, and tho rain-water pours rapidly off from their surfaces; 
but this rapidity of llow would bo greatly diminished if tho roofs wore carpoted 
with mouses and grasses; more still, if thoy woro ooverod with dry loaves, 
little shrubs, strewn branches, and other impedimenta—in short, if thoy were 
wooded.”— Annate * Forotu'res, Dec, 1607, p. oil. 

The mottos and fungi play a moro important part in regulating tho humid¬ 
ity of the air and of tho soil than writers on tho forest bavo usually assignod 
to them. Thoy perish with tho trees they grow on; but, in many situations, 
naturo provides a compensation for tho treo-mosacs and fuugi in ground 
species, which, on cold soils, especially thoso with a northern oxposuro, spring 
up abundantly both before tbo woods arc felled, and when tho land is eloared 
and employed for pasturago, or deserted. TliCbO humble plauts discharge a 
portion of the functions appropriated to tho wood, and whilo thoy rendor the 
soil of improved lands much Icsh fit for agricultural uso, thoy, at tho saroo timo, 
prepare it for tho growth of a now harvest of trees, whon tho infertility thoy 
produco shall havo driven man to abandon it and suffer it to relapse into the 
hands of nature. 

In primitive forests, whon the ground is not too moist to admit of a donse 
growth of troes, the soil is generally so thickly ooverod with loavos that thore 
Is little room for ground mosses and mushrooms. In the more open artificial 
woods of Europe theso forms of vegetation, as woll as many more attractive 
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Tlio value of tho forost os a mechanical chock to a too rapid 
discharge of rain-water was exemplified in numerous instances 
in tho great floods of I860 and 1808, in Franco and Switzerland, 
and I refer to the observations made on those occasions as of 
special importance because no previous inundations in those 
countries had been so carefully watched and so well described 
by competent investigators. In the French Department of 
Lozcre, which was among those most severely injured by the 
inundation of I860—an inundation caused by diluvial rains, 
not by melted snow—it was everywhere remarked that “grounds 
covered with wood sustained no damage evon on the steepest 
slopes, while in cleared and cultivated fiolds the very soil 
was washed away and the rocks laid bare by the pouring 
rain.” * 

Tho Italian journals of tho day state that tho province of 
Brescia and a part of that of Bergamo, which have heretofore 
been exposed to enormous injury, after every heavy rain, from 
floods of the four principal streams which traverse them, in a 
great degree escaped damage in tho terrible inundation of Oc¬ 
tober, 1872, and their immunity is ascribed to the forcstal im¬ 
provements executed by the former province, within ten or 
twelve years, in the Yal Camonica and in the upper basins of 
the other rivers which drain that territory. Similar facts were 
noticed in the extraordinary floods of September and October, 
18GS, in the valley of the Upper Rhine, and Coaz makes the 
interesting observation that not even dense greensward was 
so efficient a protection to the earth as trees, because the 

plants, are more frequent than in the native grove* of America. See, on cryp- 
togamio and other wood plants, Robsmassler, Der Wald , pp. 83 ct and 
on the importance of suoh vegetables in ohecking the flow of water, Mknootti, 
Idravlica Fitioa e SptrimentaXi, chapters xvi. and xvii. No writor known to 
me has so weU illustrated this funotion of forest vegetation as Mengotti, though 
both he and R ossmttssler ascribe to plants a power of absorbing wator from 
the atmosphere whioh they do not possess, or rather oan only rarely oxer- 
else. 

* See, for other like observations, an article entitled Li ReboUemnt it la 
JnondaUoni, la the Eaui da Earn it Fortit of September, 1808, 
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water 6oaked through the sod and burst it up by hydrostatic 
pressure.* 

The importance of the mechanical resistance of tho wood to 
the flow of water over the surface has, however, been exagge¬ 
rated by some writers. Rain-water is generally absorbed by 
the forest-soil as fast as it falls, and it is ouly in extreme cases 
that it gathers itself into a superficial sheet or curront overflow¬ 
ing tho ground. There is, nevertheless, besides tho absorbent 
power of tho soil, a very considerable mechanical resistance to 
tho transmission of water beneath tho surface through and 
along tho superior strata of the ground. This resistance is 
exerted by tho roots, which both convey tho water along thoir 
6u rface downwards, and oppose a closely wattled barrier to its 
descent along the slope of tho permeable strata which have 
absorbed it.f 


• DU JIoc7aoasser in 18C8 in Rundncrischcn Rhclngcblct, pp. 12, C8. 
Observations of Furstor, cited by Cdzaimo from tho Annates Fore* Hi-res for 
1S59, p. 358, aro not less important than thoso adducod in tho text. Tho 
field of these observations was a slopo of 45° dividod into throo sections, ono 
luxuriantly wooded from summit to baso with oak and booch, ono completely 
cleared through its whole oxtout, and ono cleared in its upper portion, but re¬ 
taining a wooded belt for a quarter of tho height of tho slopo, which was from 
1,300 to 1,800 feet above tho brook at its foot. 

In tho first section, comprising six-sevenths of the wholo surface, tho rains 
had not produced a single ravino; in tho second, occupying about a touth of tho 
ground, were three ravines, increasing in width from tho summit to tho 
valley beneath, whero they had, all togethor, a ci'o.ss-soctiou of COO squaro feet; 
in the third section, of about tbo sarao extent as the second, four ravines had 
been formed, widening from tho crest of tho slopo to*the bolt of wood, whore 
they gradually narrowed and finally disappeared. 

For important observations to tho samo purpose, sco Marciiand, Lcs Tor • 
rents dcs Alpcs, in Rcouo dca Euux cl Forets for September, 1871. 

f In a valuablo report on a bill for compelling tho solo of wasto communal 
landB, now ponding in tho Parliament of Italy, Senator Torclli, on emluout 
man of soionco, calculates that four-fifths of tho precipitation in tho forost aro 
absorbed by tho soil, or dutainod by tho obstructions of tho surface, ouly one- 
fifth boing delivered to tho rivers rapidly enough to crcato danger of floods, 
while in open grounds, in hoavy rains, tho proportions aro reversed. Suppos¬ 
ing a rain-faU of four inohes, on area measuring 100,000 acres, or a little more 
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Rivers fed by springs and shaded by woods are comparatively 
uniform in volume, in temperature, and in chemical compo¬ 
sition.* Their banks are little abraded, nor are their courses 
much obstructed by fallen timber, or by earth and gravel 
washed down from the highlands. Their channels are subject 
only to slow and gradual changes, and they carry down to the 
lakes and the sea no accumulation of sand or silt to fill up their 
outlets, and, by raising their beds, to force them to spread over 
the low grounds near their mouth, f 

Causes of Inundations . 

The immediate cause of river inundations is the flow of 
superficial and subterranean waters into the beds of rivers fas¬ 
ter than those channels can discharge them. The insufficiency 
of the channels is occasioned partly by their narrowness and 
partly by obstructions to their currents, the most frequent of 


tlum four American townships, would receive 58,777,777 oubio yards of M ater. 
Of this quantity it would retain, or rather detain, if wooded, 41,000,000yards; 
if bare, only 11,000,000. The difference of discharge from woodod and un- 
M'oodod soUs is perhaps exaggerated in Col. Torelli's report, but there is no 
doubt that in very many oases it is great enough to prevent, or to cause, de¬ 
structive inundations. 

* Dumont gives an interesting extract from the Misopogon of the Emperor 
Julian, showing that, in the fourth oentury, the Seine—the level of which 
now varies to the extent of thirty feet between extreme high and extreme low 
water mark—was almost wholly exompt from inundations, and flowed with a 
uniform current through the whole year. “Ego olira eram in hibemis apud 
ouram Lutetiara, [sic] enim Galli Parisiorum oppldum appellant, qua) insula 
est non magna, in fluvio sita, qui earn omni ex parte cingit. Pontes sublioii 
utrinque ad earn ferunt, rardque fluvius minuitur ao orescit; sod qualis estate, 
tails esse solet hyeme . M —Das Travaux Publics dans leur Rapports ateo r Agri¬ 
cultural p. 801, note. 

As Julian was six years in Gaul, and his principal residence was at Paris, 
his testimony at to the habitual condition of the Seine, at a period when the 
provinces where its souroes originate were well wooded, is very valuable. 

f Forest rivers seldom if ever form large sedimentary deposits at their 
points of discharge into lakes or larger streams, suoh accumulations beginning^ 
or at least advancing for more rapidly, after the valleys ere cleared. 
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whicli is the deposit of sand, gravel, and pebbles in their beds 
by torrential tributaries during the floods.* 

In accordance with the usual economy of naturo, wo should 
presume that she had everywhere provided the means of dis¬ 
charging, without disturbance of her general arrangements or 
abnormal destruction of her products, the precipitation which 
she 6hcds upon the face of the earth. Observation confirms this 
presumption, at least in the countries to whicli I confine my 
inquiries; for, so far as wo know the primitive conditions of 
the regions brought under human occupation within the histori¬ 
cal period, it appeara that the overflow of river-banks was much 
less frequent and destructive than at the present day, or, at 
least, that rivers rose and fell less suddenly, before man had re¬ 
moved the natural checks to the too rapid drainage of the basins 
in which their tributaries originate. The affluents of rivers 
draining wooded basins generally transport, and of courso let 
fall, little or no sediment, and hence in such regions the 
special obstruction to the currents of water-courses to which I 


• Tho extent of tho overflow and the violence of the current in river-floods 
are much affected by the amount of sedimentary matter let fall in their chan¬ 
nels by their affluents, which havo usually a swifter flow than tbo main stream, 
and consequently deposit more or less of their transported material whon they 
join its moro slowly-moving waters. Such deposits constitute barriers which 
at first oheck the current and raiso its lovol, and of courso its violence at 
lower points is augmented, both by increased volume and by tho solid material 
it carries with it, when it acquires forco enough to swoop away tho obstruc¬ 
tion.— Risler, Sur VInfluence ties Foret* sur let court <Teau t in Ecvue dcs 
Eaux ct Forets, 10th January, 1870. 

In the flood of 1808 the torrent Illgraben, which had formerly spread its 
water and its sediment over the surface of a vast cone of dejection, having 
boon forced, by the injudicious confinement of its current to a single channel, 
to discharge itself moro directly into the Rkono, carried down a quantity of 
gravel, sand, and mud, sufficient to dam that river for a whole hour, and in 
the some great inundation tho flow of tho Rhino at Thusis was completely 
arrested for twenty minutes by a similar discharge from the Xolla. Of oourse, 
whoa the dam yielded to the pressure of the accumulated water, tho damage 
to the country below was far greater than it would havo been had the currents 
of the riven not been thus obstructed.— •Marcuaxd, Z<# Torrents da Alpss t 
in Emu dee Eaux et Farits , Sept., 1871. 
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have just alluded does not occur. The banks of the rivers and 
smaller streams in the North American colonies wore formerly 
little abraded by the currents.* Even now the trees come down 
almost to the water’s edge along the rivers, in the larger forests 
of the United States, and the surface of the streams seems 
liable to no great change in level or in rapidity of current, f 


* In primitive countries, running streams are very generally fringed by 
groves, for almost every river is, as Pliny, Nat. Hist ., v. 10, says of the 
Upper Nile, an opifex silvarum , or, to use the quaint and picturcsquo language 
of Holland’s translation, “ makes shade of woods as ho goeth.” 

f A valuable memoir by G. Doni, in the Rimta Forcstalc for October, 1305, 
p. 438, is one of tho best illustrations I oan cito of the influence of forests in 
regulating and equalizing the flow of running water, and of the comparative 
action of wator-coursos which drain wooded valleys and valleys bared of 
trees, with rogard to tho erosion of thoir banks and tho transportation of 
sediment. 

“ Tho Sestajone,” remarks this writer, “and the Lima, are two considerable 
torrents which collect the waters of two great valleys of tho Tuscan Apennines, 
and empty thorn into tho Scrchio. At the junction of theso two torrents, 
from which point tho combined current takes tho name of Lima, a curi¬ 
ous phenomenon is observed, which is in part easily explained. In rainy 
weather the wo ter* of tho Seetajone are in volume only about ono-half those 
of the Lima, and wliilo tho current of the Lima is turbid and muddy, that of 
the Sestajone apponrs limpid and I might almost say drinkable. In clear 
woather, on tho contrary, tho waters of tho Sestajone are abundant and about 
double thoso of tho Lima. Now tho extent of the two valleys is nearly equal, 
but tho Scstajono winds down between banks clothed with firs and bcoches, 
while the Lima flows through a valley that has been stripped of trocs, and in 
great part brought under cultivation.” 

Tho Sostajono and tho Lima are noither of them what is technically termed 
a torrent—a name strictly applicable only to streams whoso current is not 
derived from springs and perennial, but is tho temporary effect of a sudden 
accumulation of water from heavy rains or from a rapid melting of the snows, 
whilo their beds aro dry, or nearly so, at other times. The Lima, howover, in a 
large proportion of its oourse, has the erosive charaoter of a torrent, for the 
amount of sediment which it carrios down, even when it is only moderately 
swollon by rains, surpasses almost everything of the kind which I havo observ¬ 
ed, under analogous olroumstanoes, in Italy. 

Still more striking is the contrast in the regime of the Snint-Phalcz and the 
Combo-d'Yeuse in the Department of Vanoluse, the latter of which bocame 
subject to the most violent torrential floods after the destruction of tho woods 
of its basin between 1823 and 1833, but has now been completely subduod, and 
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Inundations in Winter . 

In tho Northern United States, although inundations are nofc 
very ^infrequently produced by heavy rains in the height of sum¬ 
mer, it will bo found generally trno that tho most rapid rise of 
the waters, and,of course, tho most destructive “ freshets,” as they 
are called in America, are occasioned by tho sudden dissolution 
of tho snow before the open ground is thawed in tho spring. 
It frequently happens that a powerful thaw sets in after a long 
period of frost, and tho snow which had been months in accu¬ 
mulating is dissolved and carried off in a few hours. When 
tho snow is deep, it, to use a popular expression, “ takes tho 
frost out of tho ground 9} in tho woods, and, if it lies long 
enough, in the fields also. But tho heaviest snows usually fall 
after midwinter, and are succeeded by warm rains or sunshine, 
which dissolve the snow on tho cleared land before it lias had 
tiino to act upon tho frost-bound soil beneath it. In this case, 
the snow in tho woods is absorbed as fast as it molts, by tho 
soil it has protected from freezing, and does not materially con¬ 
tribute to swell the current of tho rivers. If tho mild weather, 
in which great snow-storms usually occur, docs not continue 
and become a regular thaw, it is almost sure to bo followed by 
drifting winds, and tho inequality with which they distribute 
the snow over tho cleared ground leaves the ridges of tho surface- 
soil comparatively bare, while tho depressions are often filled 
with drifts to tho height of many feet. Tho knolls bccomo 
frozen to a great depth; succeeding partial thaws melt tho sur¬ 
face-snow, and tho water runs down into tho furrows of 
ploughed fields, and other artificial and natural hollows, and 
then often freezes to solid ieo. In this state of things, almost 
tho entiro snrfaco of tho cleared land is impervious to water, 
and from tho absence of trees and tho general smoothness of 

its waters brought to a peaceful (low, by replanting its valley, ttco Lajjus- 
fiir.nE, Revui AgrU. et ForatUn (U Protenc e 9 1SC0, and Iicvue da Earn it 
Forit i, 1800. 
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the ground, it offers little mechanical resistance to superficial 
currents. If, under these circumstances, warm weather accom¬ 
panied by rain occurs, the rain and melted enow are swiftly 
hurried to the bottom of the valleys and gathered to raging 
torrents. 

It ought further to be considered that, though the lighter 
ploughed soils readily imbibe a great deal of water, yet grass¬ 
lands, and all the heavy and tenacious earths, absorb it in 
much smaller quantities, and less rapidly than the vegetable 
mould of the forest. Pasture, meadow, and clayey soils, 
taken together, greatly predominate over saudy ploughed fields, 
in all large agricultural districts, and hence, even if, in the case 
we are supposing, the open ground chance to have been tlmwcd 
before the molting of the snow which covers it, it is already 
saturated with moisture, or very soon becomes so, and, of course, 
caunot relieve the pressure by absorbing more water. Tho con¬ 
sequence is that the face of tho country is suddenly flooded 
with a quantity of molted snow and rain equivalent to a fall of 
six or eight inches of the latter, or even more. This runs un¬ 
obstructed to rivers often still-bound with thick ice, and thus 
inundations of a fearfully devastating character aro produced. 
The ice bursts, from the hydrostatic pressure from below, or is 
violently torn up by tho current, and is swept by the impotu- 
ous stream, in largo masses and with resistless fury, against 
banks, bridges, dams, and mills erected near them. Tho bark 
of the trees along the rivers is often abraded, at a height 
of many feet above the ordinary water-level, by cakes of float¬ 
ing ice, which are at last stranded by tho receding flood on 
meadow or ploughland, to delay, by their chilling influence, die 
advent of tho tardy spring. 

Another important effect of the removal of the forest shelter 
in cold climates may be noticed here. Wo have observed that 
the ground in the woods either does not freeze at all, or that if 
frozen it is thawed by the first considerable snow-fall. On tho 
contrary, tho open ground is usually frozen when the first 
spring freshet occurs, but is soon thawed by the warm rain 
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and melting snow. Nothing more effectually disintegrates a 
cohesive soil than freezing and thawing, and the surface of 
earth which has just undergone those processes is more subject 
to erosion by running water than under any other circumstances. 
Hence more vegetable mould is washed away from cultivated 
grounds in such climates by the spring floods than by the heaviest 
rain at other seasons. 

In the warm climates of Southern Europe, as I havo already 
6aid, the functions of the forest, so far as the disposal of tho 
water of precipitation is concerned, are essentially the same at 
all seasons, and are analogous to those which it porforms in tho 
Northern United States in summer. Ilenco, in tho former 
countries, tho winter floods havo not tho characteristics which 
mark them in the latter, nor is the conservative influence of 
tho woods in wintor relatively so important, though it is equally 
unquestionable. 

If tho summer floods in tho United States are attended with 
less pecuniary damage than thoso of tho Loiro and other rivors 
of France, the Po and its tributaries in Italy, the Emme and 
her sister torrents which devastate tho valleys of Switzerland, 
it is partly because tho banks of American rivers are not yot 
lined with towns, their shores and tho bottoms which skirt them 
not yet covered with improvements whoso cost is counted by 
millions, and, consequently, a smaller amount of property is ex¬ 
posed to injury by inundation. Put tho comparative exemp¬ 
tion of tho American people from tho terrible calamities which 
tho overflow of rivers has brought on some of tho fairest por¬ 
tions of the Old World, is, in a still greater degree, to bo 
ascribed to tho fact that, with all our thoughtless improvidence, 
wo havo not yet bared all tho sources of our streams, not yet 
overthrown all tho barrioi , s which naturo ho3 erected to restrain 
her own destructive cnorgics. Let us bo wise in time, and 
profit by the errors of our older brethren t 

The influence of tho forest in proventing inundations has 
been very generally recognized, both as a theoretical inference 
and as a fact of observation • but tho eminent engineer Belgrand 
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and his commentator Vail6s have deduced an opposite result 
from various facts of experience and from scientific consider¬ 
ations. They contend that the superficial drainage is more reg¬ 
ular from cleared than from wooded ground, and that clearing 
diminishes rather than augments tho intensity of inundations. 
Neither of these conclusions appears to be warranted by their 
data or their reasoning, and they rest partly upon facts, which, 
truly interpreted, are not inconsistent with the received opinions 
on theso subjects, partly upon assumptions which are contra¬ 
dicted by experience. Two of theso latter are, first, that the fallen 
leaves in the forest constitute an impermeablo covering of the 
soil ovor, not through, which tho water of rains and of melting 
snows flows off, and secondly, that the roots of trees penetrate 
and choke up the fissures in the rocks, so as to impede the pas¬ 
sage of water through channels which nature has provided for 
its descent to lower strata. 

As to tho first of these, we may appeal to familiar facts within 
tho personal knowledge of every man acquainted with the 
operations of sylvan nature. Rain-water novor, except in very 
trifling quantities, flows over tho leaves in tho woods in summer 
or autumn. Water runs over them only in tho spring, in tho 
rare cases when they have been pressed down smoothly and 
compactly by the weight of tho snow—a state in which they re¬ 
main only until they are dry, when shrinkage and the action of 
tho wind soon roughen tho surface so as effectually to stop, by 
absorption, all flow of water. I have observed that when a sud¬ 
den frost succeeds a thaw at the close of the winter, after the 
snow has principally disappeared, the water in and between 
the layers of leaves sometimes freezes into a solid crust, which 
allows the flow of water over it. But this occurs only in de¬ 
pressions and on a very small scale; and the ice thus formed is 
so soon dissolved that no sensible effect is produced on the 
escape of water from the general surface. 

As to the influence of roots upon drainage, we havo seen that 
there is no doubt that they, independently of their action as ab¬ 
sorbents, mechanically promote it Not only does the water of 
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the soil follow them downwards, but their swelling growth 
powerfully tends to enlarge, not to obstruct, the crevices of 
rock into which they enter; and as the fissures in rocks are 
longitudinal, not mere circular orifices, every lino of additional 
width gained by the growth of roots within them increases the 
area of tho crevice in proportion to its length. Consequently, 
the widoning of a fissuro to tho extent of one inch might give 
an additional drainage equal to a square foot of open tubing. 

The observations and reasonings of Belgrand and Vallis, 
though their conclusions have not been accepted by many, are 
very important in one point of view. These writers insist much 
on the necessity of taking into account, in estimating tho rela¬ 
tions between precipitation and evaporation, the abstraction of 
water from the surface and surf ace-currents, by absorption and in¬ 
filtration—an eloment unquestionably of great valuo, but hitherto 
much neglected by meteorological inquirors, who have vory often 
reasoned as if tlio surface-earth were either imponucablo to 
water or already saturated with it; whereas, in fact, it is a 
spongo, always imbibing humidity and always giving it off, not 
by evaporation only, but by infiltration and percolation. 

Tho remarkable historical notices of inundations in France 
in tho Middlo Ages collected by Champion* are considered by 
many 09 furnishing proof, that when that country was much 
more generally covered with wood than it now is, destructive 
inundations of tho French rivers were not less frequent than 
they are in modern days. But this evidence is subject to this 
among other objections: we know, it is true, that the forests 
of certain departments of Franco were anciently much more 
extensive than at the present day; but we know also that in 
many portions of that country the soil has been bared of its 
forests, and then, in consequence of tho depopulation of great 
provinces, loft to roclothe itself spontaneously with trees, many 

* La Inondationc en France depuit U Vic i&dejiuqu'A not jourt, 0 vole. 
6vo. Porto, 1858-04. Seo a very able review of this learned and Important 
work by Prof. Mowecdoglia, read before the Academy of Agriculture at Verona 
in 1804. 
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timed during the historic period; and our acquaintance with 
the forest topography of ancient Gaul or of mediaeval France is 
neither sufficiently extensive nor sufficiently minute to permit 
us to say, with certainty, that the sources of this or that partic¬ 
ular river were more or less sheltered by wood at any given 
time, ancient or mediaeval, than at present.* I say the sources 
of the rivers, because the floods of great rivers are occasioned 
by heavy rains and snows which fall in the more elevated re¬ 
gions around the primal springs, and not by precipitation in the 
main valleys or on the plains bordering on tho lower course. 

The destructive effects of inundations, considered simply as a 
mechanical power by which life* is endangered, crops destroyed, 
and tho artiiicial constructions of man overthrown, are very 
terrible. Thus far, however, tho flood is a temporary and by 
no means an irreparable evil, for if its ravages end here, tho 
prolific powers of nature and tho industry of man soon rcstoro 
what had been lost, and the face of tho earth no longer shows 
traces of tho deluge that had overwhelmed it. Inundations 
have evon their compensations. Tho structures they destroy 
aro replaced by bettor and more secure erections, and if they 
sweep off a crop of com, they not unfrequontly leave behind 
them, as they subside, a fertilizing deposit which enriches the 
exhausted field for a succession of seasons, f If, then, tho too 


• Alfred Maury has, nevertheless, collected, in hie erudite and able work, 
Lea Forets de la Oaule et de Vancicnne France , Paris, 1807, an immense 
amount of statistical detail on the extent, the distribution, and tho destruction 
of the forests of Franco, but it still remains true that we can very seldom 
pronounce on the forestal condition of the upper valley of a particular river at 
the time of a given inundation in the anoient or the moditoval period. 

f The productiveness of Egypt has been attributed too exclusively to the 
fertilising effects of the slime deposited by the inundations of the Nile; for 
in that dimate a liberal supply of wator would produoe good orops on almost 
any ordinary sand, while, without water, tho riohest soil would yield nothing. 
The sediment deposited annually is but a very smaU fraotion of an inch in 
thidkness. It is alleged that in quantity it would be hardly sufficient for a 
good top-dressing, and that in quality it is not chemically distinguishable 
from the soil Inohes or feet below the surface. But to deny, as some writers 
have done, that tho dime has any fertilising properties at all, is as great on 
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rapid flow of the surface-waters occasioned no other evil than 
to produce, once in ten years upon the average, au inundation 
which should destroy the harvest of the low grounds along the 
rivers, the damage would bo too inconsiderable, and of too 
transitory a character, to warrant the inconveniences and the 
expense involved in the measures which the mo6t competent 
judges in many parts of Europe believe the respective govern¬ 
ments ought to take to obviate it. 

Destructive Action of Torrents . 

But tho great, the irreparable, the appalling mischiefs which 
have already resulted, and which threaten to ensue on a still 
more extensive scalo hereafter, from too rapid superficial drain¬ 
age, are of a properly geographical, wo may almost 6ay geologi¬ 
cal, character, and consist primarily in erosion, displacement,and 
transportation of tho superficial strata, vegetable and mineral— 
of the integuments, so to speak, with which naturo has clothed 

error os tho opposite ono of ascribing all tho agricultural woalth of Egypt to 
that single cause of productiveness. Fiuo soils deposited by water are almost 
uniformly rich in all climates; thoso brought down by rivors, carried out into 
salt-wator, and then returned again by tho tido, seem to bo moro permanently 
fortilo than any othors. Tho polders of the Xethcrland coast aro of this ohar- 
acter, and tho meadows in Lincolnshire, which havo been covered with slimo 
by warping, as it is callod, or admitting water over thorn at high tido, are 
remarkably productive. 

Recent analysis is said to havo detected in tho water of tho Nilo a quantity 
of organic matter—derived mainly, no doubt, from tho decayed yegotation it 
bears down from its tropical courso—sufficiently large to furnish an impor¬ 
tant supply of fertilizing ingredients to the soil. 

It is computed that tho Duranco—a rivor fed chioOy by torrents, of groat 
erosive power—carries down annually solid material enough to cover 272,COO 
acres of soil with a deposit of two-fifths of au inch in thickness, and that this 
deposit contains, in the combination most favorablo to vegetation, moro azoto 
than 110,000 tons of guano, and more carbon than 121,000 acres of woodland 
would assimilato in a year. Ems&k Ukclus, La Terre , vol. i.,p. 407. On 
tho chemical composition, quantity, and value of the solid matter transported 
by rivor, see Hkbv& Manoon, Sur VEmpioi dcs Eauz dans let Irrigations 9 Svo, 
Paris, 18C0, pp. 133 si s>gq. Dufoncxikl, Traits cCJIydraxdigus st ds Gio* 
logis Agrlcolss i. Peris, 1808, chap. L, nil, and xiii. 
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the skeleton frame-work of the globe. It is difficult to convey 
by description an idoa of the desolation of the regions most ex¬ 
posed to the ravages of torrent and of flood; and the thou¬ 
sands who, in these days of swift travel, are whirled by steam 
near or even through the theatres of these calamities, have but 
rare and imperfect opportunities of observing the destructive 
causes in action. Still more rarely can they compare the past 
with the actual condition of the provinces in question, and trace 
the progress of their conversion from forest-crowned hills, 
luxuriant pasture grounds, and abundant cornfields and vine¬ 
yards well watered by springs and fertilizing rivulets, to bald 
mountain ridges, rocky declivities, and steep earth-banks fur¬ 
rowed by deep ravines with beds now dry, now filled by tor¬ 
rents of fluid mud and gravel hurrying down to spread them¬ 
selves over the plain, and dooming to everlasting barrenness the 
once productive fields. In surveying such scones, it is difficult 
to resist the impression that nature pronounced a primal curse 
of perpetual sterility and desolation upon these sublime but 
fearful wastes, difficult to boliovo that they wore once, and but 
for the folly of man might still bo, blessed with all the natural 
advantages which Providence has bestowed upon the most 
favored climes. But the historical evidence is conclusive as to 
the destructive changes occasioned by the agency of man upon 
the flanks of the Alps, the Apennines, the Pyrenees, and other 
mountain ranges in Central and Southern Europe, and the pro¬ 
gress of physical deterioration has been so rapid that, in some 
localities, a single generation has witnessed the beginning and 
the end of the melancholy revolution. 

I have stated, in a general way, the nature of the evils in 
question, and of the processes by which they are produced; but 
I shall make their precise character and magnitude better un¬ 
derstood by presenting some descriptive and statistical details 
of facts of actual occurrence. I select for this purpose the 
south-eastern portion of France, not because that territory has 
suffered more severely than some others, but because its de¬ 
terioration is comparatively recent, and has been watched and 
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described by very competent and trustworthy observers, whoso 
reports are more easily accessible than those published in other 
countries.* 

The provinces of Danphiny and Provence compriso a territory 
of fourteen or fifteen thousand square miles, bounded north-west 
by the Iserc, north-cast and east by the Alps, south by tho Medi¬ 
terranean, west by tho Rhone, and extending from 42° to about 
45° of north latitude. The surface is generally hilly and even 
mountainous, and several of tho peaks in Dauphiny rise abovo 
the limit of perpetual snow. Except upon the mountain ridges, 
the climate, as compared with that of tho United States in the 
same latitude, is extremely mild. Little snow falls, except 
upon the higher mountains, the frosts are light, and tho sum¬ 
mers long, as might, indeed, be inferred from tho vegetation; 
for in the cultivated districts, tho vino and tho fig everywhere 
flourish ; the olive thrives as far north as 43J-°, and upon tho 
coast grow the orange, tho lemon, and tho date-palm. The forest 
trees, too, arc of southern type, umbrella pines, various species 
of evergreen oaks, and many other trees and shrubs of per¬ 
sistent broad-leaved foliage, characterizing tho landscape. 

Tho rapid slopo of tho mountains naturally exposed these 
provinces to damage by torrents, and tho Romans diminished 
their injurious effects by erecting, in tho beds of ravines, bar¬ 
riers of rocks loosely piled up, which permitted a 6low escape 
of the water, but compelled it to deposit above tho dikes tho 
earth and gravel with which it was chargcd.f At a later 


* Strcftlcur ( Ucber die Natur vnd die Wirkungen der WiUlbdeJie, p. 3) 
maintains that all tho observations and speculations of Fronoh authors on the 
naturo of torrents had bccu anticipated by Austrian writers. In proof of this 
assertion he refers to the works of Franz von Zollinger, 1778, Von Arrotin, 
1808, Franz Duilo, 1620, &U published at Innsbruck, and Hagen’s Bcachrei- 
bung neuerer Waeserhauwcrke , Konigsberg, 1820, nono of whioh works are 
known to me. It is evident, however, that the conclusions of SureU and 
other French writers whom I cite, are original results of personal investiga¬ 
tion, and not borrowed opinions. 

t Whothor Palissy was acquainted with this ancient practice, or whothor it 
was ono of those original suggestions of whioh his works are so full, I know 
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period the Crusaders brought home from Palestine, with much 
other knowledge gathered from the wiser Moslems, the art of 
securing the hillsides and making them productive by terracing 
and irrigation. The forests which covered the mountains se¬ 
cured an abundant flow of springs, and the process of clearing 
the soil went on so slowly that, for centuries, neither the want of 
timber and fuel, nor the other evils about to be depicted, were 
seriously felt. Indeed, throughout the Middle Ages, these pro¬ 
vinces were well wooded, and famous for the fertility and 
abundance, not only of the low grounds, but of tho hills. 

Such was the state of things at tho close of the fifteenth cen¬ 
tury. The statistics of the seventeenth show that while there 
had been an increase of prosperity and population in Lower 
Provence, as well as in tho correspondingly situated parts of 
tho other two provinces I have mentioned, there was an alarming 
decrease both in the wealth and in the population of Upper Pro¬ 
vence and Dauphiny, although, by the clearing of tho forests, a 
great extent of plough-land and pasturage had been added to 
the soil before reduced to cultivation. It was found, in fact, 
that the augmented violence of tho torrents had swept away, or 
buried in sand and gravel, more land than had been reclaimed 
by clearing; and the taxes computed by fires or habitations 
underwent several successive reductions in consequence of the 
gradual abandonment of the wasted soil by its starving occu¬ 
pants. The growth of tho largo towns on and near the Ehone 
and tho coast, their advance in commerce and industry, and the 


not, but in hia treatise, Des Kaux et Fontaines,, he thus recommends it, by 
way of reply to the objections of 44 Thdoriquo,” who had expressed tho fear 
that 44 the wators which rush violently down from the heights of the moun¬ 
tain would bring with thorn much earth, sand, and other things,” and thus spoil 
tho artificial fountain that 44 Practique” was teaching him to mako : 44 And 
for hindrance of the mischiefs of great waters whioh may be gathered in 
few hours by great storms, when thou shalt have mode ready thy parterre to 
reoeive the water, thou must lay great stones athwart the deep channels 
whioh lead to thy parterre. And so the foroe of the rushing currents shall be 
deadened, and thy water shall flow peacefully into his cistern*.”— (Euvres 
Computes, p» 178. 
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consequently enlarged demand for agricultural products, ought 
naturally to have increased the rural population and the value 
of their lands ; but the physical decay of the uplands was such 
that considerable tracts were deserted altogether, and in Upper 
Provence, the fires which in 1471 counted 897, were reduced 
to 747 in 1699, to 728 in 1733, and to 635 in 1776 * 

Surell—whoso admirable work, fitude 8ur lea Torrents des 
llautea Aljpca , first published in lS41,f presents a most appall¬ 
ing picture of the desolations of the torrent, and, at the same 
time, the most careful studies of the history and essential char¬ 
acter of this great evil—in speaking of the valloy of Devoluy, 
on page 152, says: “ Everything concurs to show that it was 
anciently wooded. In its peat-bogs are found buried trunks of 
trees, monuments of its former vegetation. In the framework 
of old houses, one secs enormous timber, which is no longer to 
be found in the district. Many localities, now completely bare, 
still retain the name of ‘ wood,’ and one of them is callod, in 
old deeds, Comla nigra [Black forest or dell], on account of its 
dense woods. These and many othor proofs confirm tho local 
traditions which aro unanimous on this point 

“ There, as everywhere in tho Upper Alps, tho clearings be¬ 
gan on tho flanks of tho mountains, and wero gradually ex¬ 
tended into tho valleys and then totlio highest accessible peaks. 
Then followed the Revolution, and caused tho destruction of 
the remainder of the trees which had thus far cscapod the 
woodman’s axe.” 

In a note to this passage tho writer says: “ Several persons 
have told mo that they had lost flocks of sheep, by straying, in 
the forests of Mont Auroux, which covered the flanks of the 
mountain from La Cluse to Agncrcs. These declivities aro 
now as bare as the palm of the hand.” 


* Thoso foots I take from the La Provence au point do vue da Boi$ % da 
Torrents et da Inondatione , of Charlos do Ribbo, one of tho highost author¬ 
ities. 

f A sooond edition of this work, with on additional volumo of great value by 
Ernest Cezanne, was published at Paris, in two 8vo volumes, in 1871-72. 
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Tho ground upon tho stoop mountains being onco bared of 
trees, and tho underwood killed by the grazing of honied cat¬ 
tle, sheep, and goats, every depression becomes a water-course. 
44 Every storm,” says Surell, page 153, 44 gives rise to a new 
torrent.* Examples of such are shown, which, though not yet 
three years old, have laid waste the finest fields of their valleys, 
and whole villages have narrowly escaped being swept into 
ravines formed in the course of a few hours. Sometimes the 
flood pours in a sheet over the surface, without ravine or even 
bed, and ruins extensive grounds, which are abandoned for¬ 
ever.” 

I cannot follow Surell in his description and classification of 
torrents, and I must refer tho reader to his instructive work 
for a full exposition of the theory of the subject. In order, 
however, to show what a concentration of destructive onorgics 
may be effected by felling the woods that clothe and support 
the sides of mountain abysses, I cite his description of a valloy 
descending from the Col Isoard, which he calls 44 a complete 
type of a basin of recent-ion,” that is, a gorge which serves as a 
common point of accumulation and discharge for the waters 
of several latoral torrents. 44 Tho aspect of tho monstrous chan¬ 
nel,” says he, 44 is frightful. Within a distance of less than 
two English miles, more than sixty torrents hurl into tho depths 
of the gorge tho ddbris torn from its two flanks. Tho smallest 
of these secondary torrents, if transferred to a fertile valloy, 
would be enough to ruin it.” 

Tho eminent political economist Blanqui, in a memoir read 
before the Academy of Moral and Political Science on the 25th 
of November, 1843, thus expresses himself: 44 Important as 
are the causes of impoverishment already described, they aro 
not to be compared to tho consequences which have followed 


• No attentive observer oan frequent the southern flank of the Piedmon¬ 
tese Alps or the Frenbh province of Dauphlny, for half a dozen years, with¬ 
out witnessing with his own eyes the formation and increase of new torrents. 
Z oan bear personal testimony to the conversion of more than one grassy slope 
Into the bed of a fusions torrent by baring the hills above of their woods. 
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from tlio two inveterate evils of the Alpine provinces of 
Frailco, the extension of clearing and tho ravages of torrents. 

. . The most important result of this destruction is this: 

that the agricultural capital, or rather tho ground itsolf— 
which, in a rapidly increasing degree, is daily swept away by 
the waters—is totally lost. Signs of unparalleled destitution 
are visible in all tho mountain zone, and tho solitudes of those 
districts are assuming an indescribable character of sterility 
and desolation. Tho gradual destruction of the woods has, in 
a thousand localities, annihilated at once the springs and tho 
fuel. Between Grenoble and Brian$on, in tho valloy of tho 
Romancho, many villages are so destitute of wood that they aro 
reduced to the necessity of baking their bread with sun-dried 
cow-dung, and even this they can afford to do but once a year. 

“Whoever has visited the valley of Barceloncttc, thoso of 
Embrun, and of Verdun, and that Arabia Pctrcca of tho de¬ 
partment of the Upper Alps, called Devoluy, knows that thero 
is no time to lose—that in fifty years from this dato Franco 
will bo separated from Savoy, as Egypt from Syria, by a 
desert.” * 

It dosorves to bo specially noticed that tho district hero 
referred to, though now among tho most hopelessly wasto in 
France, was very productive even down to sc late a period as 
tho commencement of tho French Revolution. Arthur Young, 
writing in 17S9, says: “ About Barcolonctto and in tho high¬ 
est parts of tho mountains, tho hill-pastures feed a million of 
sheep, besides large herds of other cattle;” and he adds: 
“With such a soil and in such a climato, wo aro not to sup¬ 
pose a country barren because it is mountainous. Tho valleys 
I have visited aro, in general, hcautiful.”t Ho ascribos tho 

* Ladoucotte says tho peasant of Dovoluy 44 often goes a distanco of fivo 
hours over rocks and prooipiccs for a singlo [man’s] load of wood; ” and ho re¬ 
marks on anothor pago, that 41 tho justlco of poace of that oanton had, in 
the course of forty-three yoars, but onco hoard tho voioe of tho nightlugaio. M — 
His to!re, etcda Haute* Alpes, pp. 220, 404. 

t The valloy of Embrun, now almost oomplctoly devastated, was onoe re- 
markablo for its fertility. In 1600, HOrioort do Thury said of iti “la this 
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same character to the provinces of Dauphiny, Provence, and 
Auvergne, and, though he visited, with the eye of an attentive 
and practised observer, many of the scenes since blasted with 
the wild desolation described by Blanqui, the Durance and a 
part of the course of the Loire are the only streams he men¬ 
tions as inflicting serious injury by their floods. The ravages 
of the torrents had, indeed, as we have 6een, commenced earlier 
in some other localities, but we are authorized to infer that they 
were, in Young’s time, too limited in range, and relatively too 
insignificant, to require notice in a general view of the pro¬ 
vinces where they have now ruined so large a proportion of 
the soil. 

But I resume my citations. 

“I do not exaggerate,” says Blanqui. “ When I shall have 
finished my description and designated localities by their 
names, there will rise, I am sure, more than one voice from the 
spots themselves, to attest the rigorous exactness of this picture 
of their wretchedness. I have never seen its equal even in the 
Kabyle villages of the province of Constantine; for there you 
can travel on horseback, and you find grass in the spring, 
whereas in more than fifty communes in the Alps there is abso¬ 
lutely nothing. 

“The clear, brilliant, Alpine sky of Embrun, of Gap, of 
Barcelonette, and of Digue, which for months is without a 
cloud, produces droughts interrupted only by diluvial rains 
like those of the tropics. The abuse of the right of pasturage 
and the felling of the woods have stripped the soil of all its 
grass and all its trees, and the scorching sun bakes it to the 
consistence of porphyry. When moistened by the rain, as it 
has neither support nor cohesion, it rolls down to the valleys, 
sometimes in floods resembling black, yellow, or reddish lava, 
sometimes in streams of pebbles, and even huge blocks of 
stone, which pour down with a frightful roar, and in their 

magnificent valley nature had been prodigal of her gifts. Ita inhabitants have 
blindly revcUed in her favors, and fallen oaleep in the midst of her profusion.” 
—Bbcqukhel, Dm CKtnaU, etc., p. 814. 
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swift course exhibit the most convulsive movements. If you 
overlook from an eminence one of these landscapes furrowed 
with so many ravines, it presents only images of desolation 
and of death. Vast deposits of flinty pebbles, many feet in 
thickness, which have rolled down and spread far over the 
plain, surround largo trees, bury even their tops, and riso 
above them, leaving to tho husbandman no longer a ray of 
hope. One can imagino no sadder spectacle than tho deop 
fissures in the flanks of tho mountains, which seem to have 
burst forth in eruption to cover tho plains with their ruins. 
These gorges, under tho influence of the sun which cracks and 
shivers to fragments tho very rocks, and of tho rain which 
sweeps them down, penetrate deoper and deeper into tho heart 
of the mountain, while the beds of tho torrents issuing from 
them arc sometimes raised sovoral feet in a singlo year, by 
tho ddbris, so that they reach tho lovcl of tho bridges, which, 
of course, are then carried off. Tho torrent-beds aro rocog- 
nized at a great distance, as they issue from tho mountains, 
and they spread themselves over tho low grounds, in fan- 
shaped expansions, like a mantlo of 6tono, somotimes ten thou¬ 
sand feet wide, rising high at tho centre, and curving towards 
the circumference till their lower edges meet tho plain. 

“Such is their aspect in dry weather. But no tonguo can 
give an adequate description of their devastations in one of 
tlioso sudden floods which resemble, in almost none of their 
phenomena, tho action of ordinary river-water. They aro now 
no longer overflowing brooks, but real seas, tumbling down in 
cataracts, and rolling before them blocks of stono, which are 
hurled forwards by the shock of tho waves like balls 6liot out 
by tho explosion of gunpowder. Sometimes ridges of peb¬ 
bles are driven down when tho transporting torrent docs not 
riso high enough to show itself, and then tho movement is 
accompanied with a roar louder than tho crash of thunder. 
A furious wind precedes tho rushing water and announces 
its approach. Then comes a violent eruption, followed by a 
flow of muddy waves, and after a few hours all returns to the 
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dreary silence which at periods of rest marks'these abodes of 
desolation.* 

“The elements of destruction are increasing in violence. 
The devastation advances in geometrical progression as the 
higher slopes are bared of their wood, and ‘the ruin from 
above , 1} to use the words of a peasant , i helps to hasten the deso¬ 
lation below/ 

“ The Alps of Provence present a terrible aspect. In the 
more equable climate of Northern France, one can form no 
conception of those parched mountain gorges where not even 
a bush can be found to shelter a bird, where, at most, the 
wanderer sees in summer here and there a withered lavender, 
where all the springs are dried up, and where a dead silence, 
hardly broken by even tho hum of an insect, prevails. But if 
a 6torm bursts forth, masses of water suddenly shoot from tho 
mountain heights into tho shattered gulfs, waste without irri¬ 
gating, deluge without refreshing tho 6oil they overflow in 
their swift descent, and leave it even more seared than it was 
from want of moisture. Man at last retires from the fearful 
desert, and I have, the present season, found not a living soul 
in districts where I remember to have enjoyed hospitality thirty 
years ago.” 

In 1853, ten years after tho date of Blanqni’s memoir, M. do 
Bonvillc, prefect of tho Lower Alps, addressed to the Govern¬ 
ment a report in which tho following passages occur: 

“ It is certain that tho productive mould of tho Alps, swept 


* These explosive gushes of mud and rock appoar to be occasioned by tho 
eaving-in of large masses of earth from the banks of the torrent, which dam 
up the stream and cheok its flow until it has aoquired volume enough to burst 
the barrier and oarry all before it. In 1827, such a sudden eruption of a 
torrent, after the current had appeared to have oeased, swept off forty-two 
houses and drowned twenty-eight persons in the village of Goncelin, near 
Grenoble, and buried with rubbish a great part of the remainder of the 
village. 

The French traveller, D’Abbodie, relates precisely similar occurrences as not 
unfrequent in the mountains of Abyssinia. — Surell, £tudcs t etc., 2d edition, 

pp. 224 , 200 . 
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off by the increasing violence of that curse of tlio mountains, 
the torrents, is daily diminishing with fearful rapidity. All 
our Alps are wholly, or in largo proportion, bared of wood. 
Their soil, scorched by the sun of Provence, cut up by the 
hoofs of the sheep, which, not finding on the surface tho grass 
they require for their sustenance, gnaw and scratch tho ground 
in search of roots to satisfy tlicir hunger, is periodically washed 
and carried off by melting snows and summer storms. 

“ I will not dwell on the effects of tho torrents. For 6ixty 
years they have been too often depicted to require to bo 
further discussed, but it is important to show that their ravages 
are daily extending the range of devastation. Tho bed of tho 
Durance, which now in some places exceeds a milo and a 
quarter in width, and, at ordinary times, has a current of water 
less than eleven yards wide, shows something of tho extent of 
tho damage.* Where, ten years ago, there were still woods and 
cultivated grounds to bo 6ccn, there is now but a vast torrent; 
there is not one of our mountains which has not at least ono 
torrent, and new ones are daily forming. 

“An indirect proof of tho diminution of tho soil is to be 
found in the depopulation of the country. In 1S52 I reported 
to tho General Council that, according to tho census of that 
year, tho population of tho department of tho Lower Alps 
had fallen off no less than 5,000 souls in tho five years botweon 
1S40 and 1S51. 

“ Unless prompt and energetic measures are taken, it is easy 
to fix tho epoch when tho French Alps will be but a desert. 
The interval between 1851 and 1S50 will show a further de¬ 
crease of population. In 1S02 tho ministry will announce a 

* In tho days of tho Roman Empire the Doronco was a navigable, or at least 
a bootable, river, with a commerce so important that tho boatmen upon it 
formed a distinct corporation. —L adoucette, Jlittoirc , etc., da Hautes Alpa , 
p. 3o4, 

Even as early os 1789 the Durance was computed to havo already covered 
with gravel and pebbles not less than 130,000 acres, 44 which, but for its inun¬ 
dations, would have been the finest land in the province.”—ABTnua Young, 
Travel* in Frano* , vol L, oh. i. 
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continued and progressive reduction in the number of acres 
devoted to agriculture; every year will aggravate the evil, 
and in half a century France will count more ruins, and a de¬ 
partment the less.” 

Time lias verified the predictions of De Bonville. The later 
census returns show a progressive diminution in the population 
of the departments of the Lower Alps, the Isire, Drome, 
Ariige, the Uppor and tho Lower Pyronoos, Loz6re, the Ar¬ 
dennes, Doubs, tho Vosges, and, in short, in all tho provinces 
formerly remarkable for their forests. This diminution is not 
to be ascribed to a passion for foreign emigration, as in Ireland, 
and in parts of Germany and of Italy; it is simply a transfer 
of population from one part of the empire to another, from 
soils which human folly has rendered uninhabitable, by ruth¬ 
lessly depriving them of their natural advantages and securi¬ 
ties, to provinces where the face of the earth was 60 formed by 
nature as to need no such safeguards, and where, consequently, 
she preserves her outlines in spite of tho wasteful improvidence 
of man.* 


Floods of the Antiche. 

Tho River Ardiche, in tho French department of that name, 
has a perennial current in a considerable part of its 00111 * 60 , and 
therefore is not, technically speaking, a torrent; but tho peculiar 
character and violence of its floods is duo to tho action of tho 
torrents which discharge themselves into it in its upper valley, 
and to tho rapidity of the flow of the water of precipitation 

• Between 1851 and 1850 the population of Languodoo and Provenoe had 
increased by 101,000 souls. The augmentation, howevor, was wholly in the 
provinces of the plains, where all tho principal cities are found. In these 
provinces the inorease was 204,000, while in the mountain provinoes thero was 
a diminution of 103,000. The reduotion of the area of arablo land is porhaps 
even more striking. In 1842 the department of the Lower Alps possessed 
00,000 heotares, or nearly 245,000 cores, of cultivated soil. In 1852 it had 
but 74,000 heotares. In other words, in ten years 25,000 heotares, or 01,000 
acres, had been washed away, or rendered worthloss for cultivation, by torrents 
and the abuses of pasturage.— Olav£, titudas, pp. 00, 07. 
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from the surface of a basin now almost bared of its once luxu¬ 
riant woods.* A notice of these floods may therefore not inap¬ 
propriately bo introduced in this place. 

The floods of the Ardeche and other mountain streams are 
attended with greater immediate danger to life and property 
than those of rivers of less rapid flow, because their currents are 
more impetuous, and they rise more suddenly and with less pro* 
vious warning. At the samo time, their ravages aro coniincd 
within narrower limits, the waters retire sooner to their accus¬ 
tomed channel, and the danger is more quickly over, than in 
the case of inundations of larger rivers. The Ard&cho drains 
a basin of C00,23S acres, or a little less than nine hundred and 
thirty-eight square miles. Its remotest sourco is about seventy- 
five miles, in a straight lino, from its junction with tho Rhone, 
and springs at an elevation of four thousand feet abovo that 
point. At tho lowest stage of tho river, tho bed of tho Chassezac, 
its largest and longest tributary, is in many places completely 
dry on the surface—tho water being sufficient only to supply 
the subterranean channels of infiltration—and tho Ardccho it¬ 
self is almost everywhere fordable, even below the mouth of 
the Chassezac. But in floods, tho river has sometimes risen 
moro than sixty feet at the Pont d’Are, a natural arch of two 
hundred feet chord, which spans the stream below its junction 
with all its important affluents. At the height of tho inunda¬ 
tion of 1S57, tho quantity of water passing this point—after 
deducting thirty per cent, for material transported with tho 
current and for irregularity of flow—was estimated at S,$45 


* Tho original forests in which the basin of tho Ardccho was rich havo been 
rapidly disappearing for many years, and tho terrifio violence of tho inunda¬ 
tions whioh aro now laying it waste is ascribed, by tho ablest investigators, to 
that cause. In on ortiolo inserted in tho Annates For cat tire* for 164‘3, quoted 
by Ilobcnstein, Dcr Wald , p. 177, it is said that about one-third of tho area 
of the department had already become absolutely barren, in consequence of 
clearing, and that tho destruction of tho woods was still going on with great 
rapidity. New torrents wore constantly forming, and they wero estimated to 
have oovored more than 70,000 aores of good land, or one-eighth of the ear* 
feoe of the department, with sand And gravel 

17 
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cubic yards to tho second, and between twelve o’clock at noon, 
on tho 10th of September of that year and ten o’clock the next 
morning, tho water discharged through tho passage in question 
amounted to more than 450,000,000 cubic yards. This quan¬ 
tity, distributed equally through the basin of the river, would 
cover its entire area to a depth of more than five inches. 

The Ardicho rises so suddenly that, in the inundation of 
1S40, the women who were washing in the bod of the river had 
not time to save their linen, and barely escaped with their 
lives, though they instantly fled upon hearing tho roar of the 
approaching flood. Its waters and those of its affluents fall 
almost as rapidly, for in less than twenty-four hours after the 
rain has ceased in the CtSvonnes, where it rises, the Ardecho 
returns within its ordinary channel, oven at its junction with 
tho Rhone. In tho flood of 1772, the water at La Bcaumo do 
Ruoms, on tho Bcaumo, a tributary of the Ardiclio, rose thirty- 
five feet above low water, but the stream was again fordable 
on tho evening of the same day. The inundation of 1S27 was, 
in this respect, exceptional, for it continued three days, during 
which period the Arddcho poured into tho llhono 1,305,000,000 
cubic yards of water. 

The Nile delivers into the sea 101,000 cubic feet or 3,741 
cubic yards per second, on an average of tho whole year.* 
This is equal to 323,222,400 cubic yards per day. In a single 
day of flood, then, tho Ardecho, a river too insignificant to be 


* Sir John F. W. Hersciiel, citing Tolabot as bis authority, Physical 
Geography (24). 

In nn elaborate paper on 44 Irrigation,” printed in the United Staten Patent 
Report for 1800, p. 109, it is statod that the volume of water poured into the 
Mediterranean by the Kile in twonty-four hours, at low water, is 150,500,- 
002,308 oubio metres; at high water, 705,514,007,440 oubio metres. Taking 
the mean of these two numbors, the average daily delivery of the Kile would 
be 428,081,059,808 oubio metres, or more than 550,000,000,000 oubio yards. 
There is some enormous mistake, probably a typographical error, in this state¬ 
ment, whioh makes the delivery of the Kilo seventeen hundred times as great 
as computed by Tolabot, and more than physical geographers have estimated 
the quantity supplied by all the rivers on the faoe of the globe. 
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known except in the local topography of France, contributed 
to the Rhone once and a half, and for three consecutive days 
once and one third, as much as the average delivery of the Nile 
during the same periods, though the basin of the latter river 
probably contains 1,000,000 square miles of surface, or more 
than one thousand times as much as that of the former. 

The average annual precipitation in tho basin of the Ar- 
dftchc is not greater than in many other parts of Europe, but 
excessive quantities of rain frequently fall in that valley in the 
autumn. On the 9th of October, 1827, there fell at Joycu6C, 
on tho Beau me, no less than thirtv-ono inches between three 
o’clock in the morning and midnight. Such facts as this ex¬ 
plain tho extraordinary suddenness and violcnco of tho Hoods 
of tho Ardeche, and tho basins of many other tributaries of tho 
Rhone exhibit meteorological phenomena not less rouuirkablo.* 

* The Droo, a torrent emptying into the IsCro a little below Gronoblo, has 
discharged 5,200, the Isoro, which receives it, 7,800 oubio yards, and tho 
Durance, abovo its junction with tho Isfcro, an equal quantity, por socond.— 
Monti,uisant, Note *\tr la DmechemcnU , tfo, Annala da Fonts et Chaussea , 
18:10, 2ino sfoncutre, p. 288. 

Tho Upper Rhone, which drains a basin of about 1,000 squaro miles, includ¬ 
ing sovonty-ono glaciers, rccoivcs many torrential afiluonts, and rain-storms 
and thaws are sometimes extensive enough to affect the whole tributary 
system of its narrow valley. In such cases its curront swells to a great 
volume, but previously to the iloods of the autumn of 1808 it was never known 
to reach a discharge of 2,COO oubio yards to tho Accond. On tho 28th of Sep¬ 
tember in that year, howover, its delivery amouutcd to 2,700 cubio yards to 
tho second, which is about equal to tho mean discharge of tho Xilo.— Jkrichts 
dcr Experten- Commission uber die Utbcrschicemmunycn itn JaJir 1808, pp. 
174, 175. 

Tho floods of some othor French rivors, which havo a moro or 1083 torren¬ 
tial character, scarcely fall behind thoso of the Rhono. The Loiro, abovo 
Roanno, has a basin of 2,471 squaro miles, or about twice and a half tho area 
of that of tho ArdOclie. In some of its inundations it has delivered above 
0,500 cubio yards per socond, or 400 times its low-water discharge.— Belch and, 
J)e V Influence da Fonts , etc. y Annalcs da Fonts ct Chamsca^ 1854, lor somos- 
tre, p. 15, note. 

The ordinary low-water dischargo of tho Seine at Paris is nearly 100 oubio 
yards per second. Belgrand gives a list of eight floods of that river within 
the last two oenturies, in whioh it has delivered thirty times that quantity. 
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Tho Rhone, therefore, is naturally subject to great and sudden 
inundations, and the same remark may be applied to most of 
the principal rivers of France, because the geographical char¬ 
acter of all of them is approximately the same. 

Tho volume of water in the floods of most great rivers is de¬ 
termined by the degree in which the inundations of the differ¬ 
ent tributaries are coincident in time. Were all the affluents 
of the Lower Rhone to pour their highest annual floods into its 
channel at once—as the smaller tributaries of tho Upper Rhone 
sometimes do—were a dozen Niles to empty themselves into its 
bed at the same moment, its water would rise to a height and 
lush with an impetus that would sweep into the Mediterranean 
the entire population of its banks, and all the works that 
man has erected upon the plains which border it. But such a 
coincidence can never happen. The tributaries of this river 
run iu very different directions, and some of them are swollen 
principally by the melting of the snows about their sources, 
others almost exclusively by heavy rains. When a damp south¬ 
east wind blows up tho valley of tho Ardeche, its moisture is con¬ 
densed, and precipitated in a dolngo upon the mountains which 
embosom the headwaters of that stream, thus producing a flood, 
while a neighboring basin, tho axis of which lies transversely 
or obliquely to that of tho Ard6cho, is not at all affected.* 

• “ There 1 b no example of a coincidence between great Hoods of the 
Ard&che and of the llhone, all the known inundations of the former having 
taken place whon the latter was very low,’*— M audio NT, Memoirt tur Ice hum - 
dations dee Rivttra do VArdAche^ p. 20. 

The same observation may be applied to the tributaries of the Po, their 
floods being generally successive, not contemporaneous. Tho swelling of the 
affluents of the Amazon, and indeed of most large rivers, is regulated by a 
similar law. See Mebbedaulia, Analiti delV opera di Champion^ etc., p. 103. 

The floods of the affluents of the Tiber form an exception to this law, being 
generally coincident, and this is one of the explanations of the frequency of 
destructive inundations in that river. —Lombard na, Ouida ado Studio ddC 
Idrctogin , ff. 08; same author, JSeame degli ttudi nil Tevere, 

Z take this occasion to acknowledge myself indebted to Mardigny's interest¬ 
ing memoir Just quoted for all the statements I make respecting the floods of 
the Arddohe, except the comparison of the volume of Its waters with that of 
the Kile. 




FLOODS OF TOE ARDMORE. 


261 


It is easy to seo that the damage occasioned by such floods as 
I have described must be almost incalculable, and it is by no 
means confined to the effects produced by overflow and the 
mechanical force of the superficial currents. In treating of 
the devastations of torrents, I have hitherto confined myself 
principally to the erosion of surface and the transportation of 
mineral matter to lower grounds by them. The general action 
of torrents, as thus far shown, tends to the ultimate elevation of 
their beds by the deposit of the earth, gravel, and stone convoyed 
by them; but until they have thus raised their outlets so as sen¬ 
sibly to diminish the inclination of their channels—and some¬ 
times when extraordinary floods give the torrents momentum 
enough to sweep away tho accumulations which they have 
themselves heaped up—tho swift flow of their currents, aided 
by tho abrasion of the rolling rocks and gravel, scoops their 
beds constantly deeper, and they consequently not only under¬ 
mine their banks, but frequently sap the most solid foundations 
which tho art of man can build for tho support of bridges and 
hydraulic structures.* 

In tho inundation of 1S57, tho Ardocho destroyed a stone 

* In tome oases whoro the bod of rapid Alpino streams is oomposod of very 
bard rock—as is the case in many of the valleys onco filled by ancient glamors 
—and especially whore thoy are fed by glaciers not overhung by crumbling 
dills, the channel may remain almost unchanged for centuries. This is observ¬ 
able in many of tho tributaries of tho Dora Baltca, which drains tho valley of 
Aosta. Several of these smaU rivers aro spanned by more or loss perfoot 
Roman bridges—ono of which, that over tho Lys at Pont St. Martin, is still in 
good repair and in constant uso. An examination of tho rocks on which the 
abutmouts of this and some other similar structures aro founded, and of the 
channels of tho rivers they oross, shows that tho beds of tho stroams cannot 
have been much elovated or depressed sinco the bridges wero built. In other 
cases, as at tho outlet of the Val Toumaucho at Chatillon, where a singlo rib 
of a Roman bridge still remains, there is nothing to forbid the supposition 
that tho deep exoavation of the ohannol may have boon partly offeotod at a 
much later period. 

Tho Roman aqueduct known as the Pont du Gard, near Kismes, was built, 
in all probability, nineteen centuries ago. The bed of tho river Gordon, a 
rather swift stream, whioh flows beneath it, can have suffered but a alight 
depression sinoe the piers of tho aqueduct were founded. 
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bridge near La Beaume, which had been built about eighty years 
before. The resistance of the piers, which were erected on piles, 
the channel at that point being of gravol, produced an oddying 
current that washed away the bed of the river above them, and 
the foundation, thus deprived of lateral support, yielded to the 
weight of the bridge, and the piles and piers fell up-stream. 

By a curious law of compensation, the stream which, at flood, 
scoops out cavities in its bed, often fills them up again as soon as 
the diminished velocity of the current allows it to let fall the 
sand and gravel with which it is charged, so that when the 
waters return to their usual channel, the bottom shows no sign 
of having been disturbed. In a flood of the Escontay, a tribu¬ 
tary of the Rhone, in 1846, piles driven sixteen feet into its 
gravelly bed for the foundation of a pier were torn up and car¬ 
ried off, and yet, when the river had fallen to low-water mark, the 
bottom at that point appeared to have been raised higher than 
it was before the flood, by now deposits of sand and gravel, 
while the cut stones of the half-built pier were found buried to 
a great depth in tho excavation which tho water had first washed 
out. Tho gravel with which rivers thus restore the level of their 
beds is principally derived from the crushing of tho rocks brought 
down by tho mountain torrents, and tho destructive effects of 
inundations are immensely diminished by this reduction of largo 
stones to minute fragments. If tho blocks hurled down from 
tho cliffs were transported unbroken to the chaunols of largo 
rivers, the mechanical force of their movement would be irresist¬ 
ible. They would overthrow tho strongest barriers, spread 
themselves over a surface as wide as the flow of tho waters, 
and convert the most smiling valleys into scenes of tho wildest 
dosolation. 

As I have before remarked, I have taken my illustrations of 
the action of torrents and mountain streams principally from 
French authorities, because the facts recorded by them are 
chiefly of recent occurrence, and as they have been collected 
with much care and described with great fulness of detail, the 
information furnished by them is not only more trustworthy, but 
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both more complete and more accessible than that which can 
be gathered from any ot^er source. It is not to bo supposed, 
however, that the countries adjacent to France have escaped the 
consequences of a like improvidence. The southern flanks of 
the Alps, and, in a less degree, the northern 6lopo of these 
mountains and the whole chain of the Pyrenees, afford equally 
striking examples of the evils resulting from the wanton sacrifice 
of nature’s safeguards. But 1 can afford space for few details, 
and as an illustration of the extent of these evils in Italy, I shall 
barely observe that it was calculated ten years ago that four- 
tenths of the area of the Ligurian provinces had been washed 
away or rendered incapable of cultivation in consequence of the 
felling of the woods.* 

Highly colored as these pictures seem, they are not exagge¬ 
rated, although the hasty tourist through Southern France, 
Switzerland, the Tyrol, and Northern Italy, finding little in his 
high-road experiences to justify them, might supposo them so. 
The lines of communication by locomotive-train and diligence 
lead generally over safer ground, and it is only when they ascend 
the Alpine passes and traverse the mountain chains, that 6ccncs 
somewhat resembling those just described fall under the eye of 
the ordinary traveller. But the extension of the sphere of de¬ 
vastation, by the degradation of the mountains and the trans¬ 
portation of their debris, is producing analogous effects upon 
the lower ridges of the Alps and tho plains which skirt them ; 
and even now one needs but an hour’s departure from somo 
great thoroughfares to reach sites where tho genius of destruc¬ 
tion revels as wildly as in tho most frightful of tho abysses 
which Blanqui has painted.f 

* Annali di Agricoltura, InduAtru* e Commcrdo, vol. i., p. 77. Similar in¬ 
stancies of tho erosive power of nxnnir.g water might bo colleotod by hundreds 
from tho narrativos of traveller in warm countries. Tho enorgy of tho tor¬ 
rents of the Himalayas is such that tho brothors Schlagintwoit beliovo that 
they wUl out gorges through that lofty chain wade enough to admit tho pas¬ 
sage of currents of warm wind from tho south, and thereby modify tho oU- 
mate of the countries lying to the north of the mountains. 

t The Skelfira-Tobei, for instance, near Coire. Soe the description of this 
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There is one effect of the action of torrents which fow trav¬ 
ellers on the Continent are heedless enough to pass without 
notice. I refer to the elevation of the beds of mountain streams 
in consequence of tho deposit of the debris with which they 
are charged. To prevent the spread of sand and gravel over 


and other like scenes in TbiMLhKFacii, Die Alpen, pp. KO et seqq. , or in Stephen's 
English translation. 

About an hour from Thusis, on the Splilgen roaa, 11 opens the awful chasm 
of the Nolle which a hundred years ago poured its peaceful waters through 
smiling meadows protected by the wooded slopes of the mountains. But the 
woods were out down and with them departed the rich pastures, tho pride of 
the valley, now covered with piles of rock and rubbish swept down from the 
mountains. This result is tho more to be lamented as it was entirely com¬ 
passed by the improvidence of man in thinning the forests.'*— Mo it ell, Scien¬ 
tific Guide to Switzerland, p. 100.’* 

Tho recent change in the character of the Mclla—a river anciently so re¬ 
markable for tho gentleness of its ourront that it was specially noticed by 
Catullus as flowing molli flu mine - desorves more than a passing remark. This 
rivor rises in tho mountain-chain cast of Lake Iseo, and traversing tho district 
of Brescia, empties into tho Oglio after a course of about sevonty miles. Tho 
irou-works in tho upper valley of the Molla had long created a considerable 
demand for wood, but their operations were not so extensive as to occasion 
any very sudden or goneral destruction of tho forests, and tho only evil expo- 
lieuced from tho clearings was the gradual diminution of the volume of the 
river. Within tho last thirty years, the superior quality of the arms manu¬ 
factured at Brescia has greatly enlarged the sale of thorn, and very naturally 
stimula ed the activity of both the forges and of the colliers who supply them, 
uud tho hillsides have boon rapidly stripped of their timber. Up to 1&0, no 
destructive inundation of tho Mella had been recorded. Buildings in great 
numbers had been erooted upon its margin, and its.valley was conspicuous for 
its rural beauty and its feitility. But when the denudation of the mountains 
had reachod a certain point, avenging nature began the work of retribution. 
In the spring and summer of 18/50 several now torrents wero suddonly formed 
in the upper tributary valleys, and on the 14th and 15th of August in that 
year a fall of rain, not heavier than had been often experienced, produced a 
Hood whioh not only inundated much ground never before overflowed, but 
destroyed a groat numbor of bridges, darns, factories, and other valuable 
structures, and, what was a far more serious evil, swept off from the rocks an 
incredible extent of soil, and oonverted one of the most beautiful valleys of 
tho Italian Alps into a ravine almost as bare and as barren as tho savagost 
gorge of Southern Frauoe. The pecuniary damage was estimated at many 
millions of franos, and the violonoe of the outostrophe was deemed so extnor- 
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the fields and the deluging overflow of the raging waters, the 
streams are confined by walls and embankments, which are 
gradually built higher and higher as the bed of the torrent is 
raised, so that, to reach a river, you ascend from the fields be¬ 
side it; and sometimes the ordinary level of tho stream is 
above tho streets and even tho roofs of tho towns through 
which it passes.* 

Tho traveller who visits tho depths of an Alpino ravine, 
observes tho length and width of tho gorgo and tho great 
height and apparent solidity of tho precipitous walls which 
bound it, and calculates the mass of rock required to fill tho 
vacancy, can hardly believe that tho humble brooklet which 
purls at his feet has been tho principal agent in accomplishing 
this tremendous erosion. Closer observation will ofton teach 
him, that the seemingly unbroken rock which overhangs tho 
vullcy is full of cracks and fissures, and really in such a stato 

dinary, oven in a country subjoot to similar visitations, that tho sympathy 
excited for tho sufferers produced, in five months, voluntary contributions for 
their rcliof to tho amount of noarly 0200,000.— Dclld Inondazioni del McUa y 
etc., nclla notte (Id 14 dl 15 Agotto , 1850. 

The author of this pamphlet has choson as a motto a possago from tho Vul¬ 
gate translation of Job, which is interesting as showing aocurate observation 
of tho action of tho torrent: Mons oadens definit, et saxum transfortur de 
loco suo; lapides excavant aqua) ot allavione paullatim torra oonsumitur."— 
Job xiv. 18, 10. 

The English version is much less striking, and gives a different sense. 

Tho recent dato of tho chango in tho character of tho Molla is oontosted, 
and it is possiblo that, though tho extent of tho rovolution is not oxaggorated, 
the rapidity with which it has taken placo may havo been. 

* Strelilour quotes from Duile tho following observations: “ Tho ohannol 
of tho Tyroleso brooks is often raised much abovo tho valleys through which 
they tlow. Tho bed of tho Fcrsiua is elevated high above tho oity of Trent, 
which lies near it. Tho Villcrbach flows at a much moro clevatod lovol than 
that of the marketplace of Xoumarkt and Vill, and threatens to ovorwholin 
both of them with its waters. Tho Talfcr at BoUcu is at loast ovon with tho 
roofs of the adjacent town, if not abovo thorn. The towor-stooplos of the 
vilhgcn of Schlandcrs, Kortsch, and Laas, aro lower than tho surfooo of tho 
Gadribach. The Saldnrbach at Schludcnis monaccs tho far lower village with 
destruction, and the ohiof town, Schwaz, is in similar danger from tho Lohn- 
bach.”— Stueffluuh, Uebtr dU WiUbdeh^ etc., p. 7. 
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of disintegration that every frost must bring down tons of it. 
If he compute the area of the basin which finds here its only 
discharge, he will perceive that a sudden thaw of the winter’s 
deposit of snow, or one of those terrible discharges of rain so 
common in the Alps, must send forth a deluge mighty enough 
to 6wcep down the largest masses of gravel and of rock. Tko 
single measurement of the cubical contents of the semicircular 
hillock which he climbed before ho entered the gorge, the 
structure and composition of which conclusively show that it 
must have been washed out of this latter by torrential action, 
will often account satisfactorily for the disposal of most of the 
matter which once filled the ravine. 

When a torrent escapes from the lateral confinement of its 
mountain walls and pours out of the gorge, it spreads and 
divides itself into numerous smaller streams which shoot out 
from the mouth of the ravine as from a centre, in different 
directions, like the ribs of a fan from tlio pivot, each carrying 
with it its quota of stones and gravel. The plain below the 
point of issue from tho mountain is rapidly raised by newly- 
formed torrents, the elevation depending on the inclination of 
tho bed and the form and weight of tho matter transported. 
Every flood both increases tho height of this central point and 
extends the entire circumference of the deposit. 

Other things being equal, the transporting power of tho 
water is greatest where its flow is most rapid. This is usually 
in tho direction of tho axis of tho ravine. The stream retain¬ 
ing most nearly this direction moves with the greatest momen¬ 
tum, and consequently transports the solid matter with which 
it is charged to tho greatest distance. 

The untravelled reader will comprehend this the better when 
he is informed that the southern slope of the Alps generally 
rises suddenly out of tho plain, with no intorvoning hill to 
break tho abruptness of tho transition, except those consisting of 
comparatively small heaps of its own debris brought down by 
ancient glaciers or recent torrents. The torronts do not wind 
down valleys gradually widening to the rivers or the sea, but 
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leap at once from the flanks of the mountains upon the plains 
below. This arrangement of surfaces naturally facilitates tho 
formation of vast deposits at their points of emergence, and tho 
centre of the accumulation in the case of very small torrents is 
not unfrcquently a hundred feet high, and sometimes very 
much more. 

The deposits of the torrent which has 6coopcd out tho Kant- 
zen Thai, a couple of miles below Bricg in tho Valais, have 
built up a semicircular hillock, which most travellers by tho 
Simplon route pass over without oven noticing it, though it is 
little inferior in dimensions to the groat cones of dojcction 
described by Blanqui. Tho principal courso of the torrent hav¬ 
ing been—I know not whether spontaneously or artificially— 
diverted towards tho west, the eastern part of tho hill has been 
gradually brought under cultivation, and there aro many trees, 
fields, and houses upon it; but the larger western part is furrow¬ 
ed with channels diverging from tho summit of tho deposit at 
the outlet of the Nantzeu Thai, which servo as the beds of the 
water-courses into which tho torrent has divided itself. All 
this portion of the hillock is subject to inundation after long 
and heavy rain, and os I saw it in tho great flood of October, 
1SC0, almost its whole surfaco seemed covered with an unbroken 
sheet of rushing water. 

The semi-conical deposit of detritus at tho mouth of the 
Litznerthal, a lateral branch of the valley of tho Adigo, at tho 
poiut whore tho torrent pours out of tho gorgo, is a thousand 
feet high and, measuring along tho axis of tho principal current, 
two and a half miles long.* The solid material of this hillock— 
which it is hardly an exaggeration to call a mountain, tho work 
of a single insignificant torrent and its tributaries—including 
what the river which washes its base has carried off in a com¬ 
paratively few yearn, probably surpasses tho mass of tho stu¬ 
pendous pyramid of tho Matterhorn. 

In valleys of ancient geological formation, which extond 


♦ Sonklab, DU OcUthalcr QcbUgtgruppe, 1801, p. 931. 
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into tho very heart of the mountains, the streams, though 
rapid, have often lost the true torrential character, if, indeed, 
they ever possessed it. Their bed9 have become approximate¬ 
ly constant, and their walls no longer crumble and fall into tho 
waters that wash their bases. The torrent-worn ravines, of 
which I have spoken, are of later date, and belong more prop¬ 
erly to what may be called the crust of the Alps, consisting of 
loose rocks, of gravel, and of earth, strewed along the surface 
of tho great declivities of the central ridge, and accumulated 
thickly between their solid buttresses. But it is on this crust 
that the mountaineer dwells. Here are his forests, here his 
pastures, and the ravages of the torrent both destroy his world, 
and convert it into a Bource of overwhelming desolation to the 
plains below. 

I do not mean to assert that all the rocky valleys of tho Alps 
have been produced by the action of torrents resulting from 
tho destruction of tho forests. The greater, and many of tho 
smaller channels, by which that chain is drained, owe their 
origin to higher causes. They are primitive fissures, ascribablo 
to disruption in upheaval or other geological convulsion, 
widoned and scarped, and often oven polished, so to speak, by 
tho action of glaciers during the ice period, aud but little 
changed in form by running water in later eras. 

It has boon contended that all rivers which take their rise in 
mountains originated in torrents. These, it is said, have 
lowered tho summits by gradual erosion, and, with the material 
thus derived, have formed shoals in the sea which once beat 
against the cliffs; then, by successive deposits, gradually raised 
them above the surface, and finally expandod them into broad 
plains traversed by gently flowing streams. If we could go 
back to earlier geological periods, we should find this theory 
often verified, and we cannot fail to see that the torrents go on 
at the present hour, depressing still lower the ridges of the 
Alps and the Apennines, raising still higher the plains of Lom¬ 
bardy and Provence, extending the coast still farther into the 
Adriatio and the Mediterranean, reducing the inclination of 
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tlieir own beds and the rapidity of their flow, and thus tending 
to becomo river-like in character. 

We cannot measure the share which human action 1ms had 
in augmenting the intensity of causes of mountain degradation, 
and of the formation of plains and marshes below, but wc know 
that the clearing of the woods has, in somo cases, produced, 
within two or three generations, effects as blasting as those 
generally ascribed to geological convulsions, and lias laid waste 
the face of tho earth more hopelessly than if it had been buried 
by a current of lava or a shower of volcanic sand. New tor¬ 
rents are forming every year in tho Alps. Tradition, written 
records, and analogy concur to establish tho belief that tho 
ruin of most of tho now desolate valleys in thoso mountains 
is to bo ascribed to tho same cause, and authentic descrip¬ 
tions of tho irresistible forco of tho torrent show that, aided by 
frost and heat, it is adcqnato to lovcl Mont Blanc and Monte 
Rosa themselves, unless now upheavals 6hall maintain thoir 
elevation. 

There arc cases whero torrents ccaso their ravages of them¬ 
selves, in consequence of some change in tho condition of the 
basin where they originate, or of tho face of tho mountain at a 
higher lovcl, whilo tho plain or tho sea below remains in sub¬ 
stantially the samo 6tato as boforo. If a torrent rises in a small 
valley containing no great amount of earth and of disintegrated 
or loose rock, it may, in tho course of a certain period, wash 
out all tho transportable material, and if tho valley is then left 
with solid walls, it will cease to furnish debris to bo carried 
down by floods. If, in this state of things, a new channel bo 
formed at an elovation above tho head of tho valley, it may 
divert a part or even the whole of tho rain-water and melted 
6 now which would otherwise have flowed into it, and tho onco 
furious torrent now sinks to the rank of a humble and harmless 
brooklet. “ In traversing this department,” says Suroll, “ one 
often sees, at tho outlet of a gorge, a flattened hillock, with a 
fan-shaped outline and regular slopes; it is tho bed of dojec- 
tion of an ancient torrent. It sometimes requires long and 
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careful study to detect the primitive form, masked as it is by 
groves of trees, by cultivated fields, and often by houses, but, 
when examined closely, and from different points of view, its 
characteristic figure manifestly appears, and its true history 
cannot be mistaken. Along the hillock flows a streamlet, issu¬ 
ing from the ravine, and quietly watering the fields. This was 
originally a torrent, and in the background may be discovered 
its mountain basin. Such extinguished torrents, if I may use 
the expression, are numerous.” * 

But for the intervention of man and domestic animals, these 
latter beneficent revolutions would occur more frequently, pro¬ 
ceed more rapidly. The new scarped mountains, the hillocks 
of debris, the plains elevated by sand and gravel spread over 
them, the shores freshly formed by fluviatile deposits, would 
clothe themselves with shrubs and trees, the intensity of the 
causes of degradation would bo diminished, and nature would 
thus regain her ancient equilibrium. But theso processes, 
under ordinary circumstances, demand, not years, generations, 
but centuries; f and man, who even now finds scarce breathing- 
room on this vast globe, cannot retire from the Old World to 
some yet undiscovered continent, and wait for the slow action 

• Suhkll, La Torrents cles Haute* Alpes, chap. xxiy. In such cases, the 
clearing of the ground, which, in consequence of a temporary diversion of tho 
waters, or from some other cause, has beoome rewoodod, sometimes renews 
the ravages of the torrent. Thus, on the left bank of the Durance, a wooded 
declivity had been formed by the debris brought down by torrents, which had 
extinguished themselves after having swept off much of the superficial strata 
of the mountain of Morgan. 11 All this distriot was oovored with woods, whioh 
have now been thinned out and aro perishing from day to day; consequently, 
the torrents have reoommenoed their devastations, and if the clearings con¬ 
tinue, this declivity, now fertile, will be ruined, like so many others.”— Ibid. % 
p. 155. 

f Where a torrent has not been long in operation, and earth still remains 
mixed with the rocks and gravel it heaps up at its point of eruption, vegeta¬ 
tion soon starts up and prospers, if protected from enoroachmcnt. In Pro- 
venoe, “ several communes determined, about ten years ago, to reserve the 
soils thus wasted, that is, to abandon them for a oertain time, to spontaneous 
vegetation, whioh wee not slow in making its appearance.”— Becqukbrl, 
Da Climate, p. 815. 
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of snch causes to replace, by a new creation, the Eden lie lias 
wasted. 

Crushing Force of Torrents . 

I must hero notice a mechanical effect of tho rapid flow of 
the torrent, which is of much importance in relation to tho des¬ 
olating action it exorcises by covering largo tracts of cultivated 
ground with infertile material. Tho torrent, as wo liavo seen, 
shoots or rolls forwards, with great velocity, masses and frag¬ 
ments of rock, and sometimes rounded pebbles from moro an¬ 
cient formations. Every inch of this violent movement is 
accompanied with crushing concussion, or, at least, with great 
abrasion of tho mineral material, and, ns you follow it along 
tho courso of tho waters which transport it, you find tho stones 
gradually rounding off in form, and diminishing in sizo, until 
they pass successively into gravel, and, in tho bods of tho rivers 
to which the torrents convey it, sand, and lastly impalpablo 
slime. 

There are few operations of naturo where tho effect seems 
moro disproportioned to tho cause than in this crushing and 
comminution of rock in tho channel of swift waters. Igneous 
rocks are generally so hard as to be wrought with great diffi¬ 
culty, and they bear tho weight of enormous superstructures 
without yielding to tho pressure; but to tho torrent they uro 
as wheat to tho millstone. The streams which pour down tho 
southern scarp of tho Mediterranean Alps along the Riviera di 
Poncnte, near Genoa, have short courses, and a brisk walk of a 
couplo of .hours or oven less takes you from tho sea-beach to 
the headspring of many of them. In their heaviest floods, they 
bring rounded masses of serpentino quito down to tho sea, but 
at ordinary high water their lower course is charged only with 
finely divided particles of that rock. Hence, while, near their 
sources, their channels aro filled with pebbles and angular frag¬ 
ments, intermixed with a little gravel, the proportions are re¬ 
versed near their mouths, and, just abovo the points whore 
their outlets aro partially choked by the rolling shingle of the 
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beach, their beds are composed of sand and gravel to the 
almost total exclusion of pebbles. 

Gugliclmini argued that the gravel and sand of the beds of 
running streams were derived from the trituration of rocks by 
the action of the currents, and inferred that this action was 
generally sufficient to reduce hard rock to sand in its passage 
from the source to the outlet of rivors. Frisi controverted this 
opinion, and maintained that river-sand was of more ancient 
origin, and he inferred from experiments in artificially grinding 
stones that the concussion, friction, and attrition of rock in 
the channel of running waters were inadequate to its com¬ 
minution, though he admitted that these same causes might re¬ 
duce silicious sand to a fine powder capable of transportation 
to the sea by the currents.* Frisi’a experiments were tried 
upon rounded and polished river-pebbles, and prove nothing 
with regard to the action of torrents upon the irregular, more 
or less weathered, and often cracked and shattered rocks which 
lie loose in the ground at the head of mountain valleys. The 
fury of the waters and of the wind which accompanies them 
in the floods of the French Alpine torrents is such, that largo 
blocks of stone are hurled out of the bod of the stream to the 
height of twelve or thirteen feet.f The impulse of masses 
driven with such force overthrows the most solid masonry, and 
their concussion cannot fail to be attended with the crushing 
of the rocks themselves. 

The greatest depth of the basin of the Ardeclie is seventy- 
five miles, but most of its tributaries have a much shorter 
course. “ These affluents,” says ifardigny, “ hurl into the bed 
of the Ardeche enormous blocks of rock, which this river, in its 

• Frist, Del tnodv di regdare i Fiumi e i Torrenti , pp. 4-10. See in Lom- 
imrdtni, Suite Inondnzioni in Francia , p. 87, notices of the action of cur¬ 
rents transporting only fine matoriol in wearing down hard rook. In the 
sluices for gold-washing in California haring a grade of 1 to 14$, and pared 
with the hardost stones, the wear of tho bottom is at the rate of two inohes 
in three months.— Raykond, Mineral Statistics, 1870, p. 480. 

t Surell, Etude sur Us Torrents, pp. 81-80. 
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turn, bears onwards, and grinds down, at high water, so that its 
current rolls only gravel at its confluence with the Rhone.” * 
Duponcliel makes the following remarkable statement: “The 
river Ilerault rises in a granitic region, but soon reachos calca¬ 
reous formations, which it traverses for more than sixty kilome¬ 
tres, rolling through deep and precipitous ravines, into which the 
torrents are constantly discharging enormous masses of pebbles 
belonging to the hardest rocks of the Jurassian period. These 
debris, continually renewed, compose, even below tho exit’ of 
the gorge where tho river enters into a regular channel cut in a 
tertiary deposit, broad beaches, prodigious accumulations of 
rolled pebbles, extending several kilometres down tho stream, 
but they diminish in size and weight 60 rapidly that above tho 
mouth of tho river, which is at a distance of thirty or thirty-five 
kilometres from the gorge, every trace of calcareous matter has 
disappeared from the sands of the bottom, which are exclusive¬ 
ly silicious.” f 

Similar effocts of tho rapid flow of water and the concussion 
of stones against each other in river-beds may be observed in 
almost every Alpine gorge which serves as tho channel of a 
swift stream. Tho tremendous cleft through which tho well- 
known Via Mala is carried receives, every year, from its own 
crumbling walls and from tho Ilinter Rhein and its mild tribu¬ 
taries, enormous quantities of rock, in blocks and boulders. In 
fact, the masses hurled into it in a single flood like thoso of 
1SGS would probably fill it up, at its narrow points, to tho 

* At Itinkcnl >crg, on tho right bank of tho Voider Rhein, in tho flood of 
1SG3, a block of 6tono computed to weigh nearly 0,000 owt. was oarriod bodily 
forwards, not rolled, by a torrent, a distance of three-quarters of a milo.— 
Coaz, die nochic aster ini 1808, p. 5-1. 

Memoirc but ks Inondations dec IUvttrcs de TArdcche, p. 10. •• The torrifio 
roar, the thunder of tho raging torrents proceeds principally from the stones 
whioh are rolled along in tho bed of tho stream. This movement is attended 
with snob powerful attrition that, in tho Southern Alps, tho atmosphore of 
valleys where tho limestono contains bitamen, has, at tho timo of floods, tho 
marked bituminous smcU produced by rubbing piccos of suoh limestone to¬ 
gether. Wesselv, Did Occtcrrcichisdicn MpeMnder, L, p. 113* 
t Avant-prcjet pour la creation (Tun col fertile, p. 20. 

13 
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level of tho road 400 feet above its bottom, were not the stones 
crushed and carried off by the force of tho current. Yot below 
the outlet at Thusis only small rounded boulders, pebbles, and 
gravel, not rock, are found in tho bed of tho river. Tho Swiss 
glaciers bring down thousands of cubic yards of hard rock 
every season. Where the glacier ends in a plain or wide valley, 
tho rocks are accumulated in a terminal moraine, but in numer¬ 
ous instances the water which pours from tho ieo-rivor has forco 
enough to carry down to larger streams tho mosses delivered by 
tho glacier, and there they, with other stones washed out from 
tho earth by tho current, are ground down, so that few of tho 
affluents of the Swiss lakes deliver into them anything but fine 
sand and slime. 

Great rivers carry no boulders to the sea, and, in fact, receive 
none from their tributaries. Lombardini found, twenty years 
ago, that tho mineral matter brought down to tho Po by its 
tributaries was, in general, comminuted to About tho same degree 
of fineness as the sands of its bed at their points of discharge. 
In the case of the Trebbia, which risos high in tho Apennines 
and empties into the Po at Piacenza, it was otherwise, that 
river rolling pebbles and coarse gravel into tho channel of the 
principal stroam. Tho banks of tho othor affluents—excepting 
some of those which discharge their waters into tho great lakes— 
then oithor retained thoir woods, or had boon so long clear of 
them that tho torrents had removed most of the disintegrated 
and loose rock in their uppor basins. Tho valley of the Trebbia 
had boon recently cleared, and all the forces which tend to tho 
degradation And transportation of rock were in full activity.* 

Transporting Power of Water. 

Bnt the geographical effects of tho action of torrents are not 

* Since the date of Lombordlni'e observations, many Alpine vaUeys have been 
•tripped of their woods. It would be interesting 1 to know whether any sensi¬ 
ble ohange has been produoed in the oharooter or quantity of the matter trans¬ 
ported by the rivers to the Po .—2Totiee tur Us RitUrss ds la Lombardis, An? 
nates des Ponte el Chnussits, 1047, let elmeetre, p. 181. 
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confined to erosion of earth and comminution of rock; for 
they and tlio rivora to which they contribute transport the de¬ 
bris of the mountains to lower levels and spread them out over 
the dry land and the bod of the sea, thus forming alluvial de¬ 
posits, sometimes of a beneficial, sometimes of an injurious, 
character, and of vast extent.* 

A mountain rivulet swollen by rain or melted 6now, when it 
escapes from its usual channel and floods tho adjacent fields, 
naturally deposits pebbles and gravel upon them; but even at 
low water, if its course is long enough for its grinding action 
to have full scope, it transports the solid material with which it 
is charged to some larger stream, and thcro lets it fall in a state 
of minute division, and at last tho spoil of tho mountain is U6cd 
to raise tho level of tho plains or carried down to tho 6ca. 

An instance that fell under my own observation, in 1857, will 
serve to 6how something of tho eroding and transporting power 
of streams which, in these respects, fall incalculably below tho 
torrents of tho Alps. In a flood of the Ottaqucchco, a small 
river which flows through Woodstock, Vermont, a mill-dam on 
that stream burst, and tho sediment with which tho pond was 
filled, estimated aftor careful measurement at 13,000 cubic 
yards, was carried down by tho current. Between this dam 
and tho 6lackwatcr of another, four miles below, tho bed of the 
stream, which is composed of pebbles interspersed in a fow 
places with largor stones, is about sixty-five foot wide, though, 
at low water, tho breadth of tho current is considerably less. 
Tho 6and and fino gravel were smoothly and evenly distributed 
over the bed to a width of fifty-five or sixty feet, and, for a dis¬ 
tance of about two miles, excopt at two or three intervening 
rapids, filled up all tho interstices between tho stones, covering 
them to the depth of nine or ten inches, so as to present a rogu- 

* Loronts, in an official report quoted by Marchand, says i 11 The foiling of 
the woods producos torrents which cover the cultivated soil with pobblos and 
fragments of rook, and they do not oonfino their ravages to tho vioinity of the 
mountains, but extend thorn into the fortile Holds of Provcnoe and other de- 
pertinents, to the distanoe of forty or fifty league* "—EiUwaldung der Qtbirgt, 
p.17. 
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larly formed concave channel, lined with sand, and reducing 
the depth of water, in some places, from five or six feet to 
fifteen or eighteen inches. Observing this deposit after the 
river had subsided and become so clear that the bottom could 
be seen, I supposed that the next flood would produce an ex¬ 
traordinary erosion of the banks and some permanent changes 
in the channol of the stream, in consequence of the elevation 
of tho bed and the filling up of the spaces between the stones 
through which formerly much water had flowed; but no such 
result followed. The spring freshet of the next year entirely 
washed out the sand its predecessor had left, deposited 6ome of 
it in ponds and still-water reaches below, carried the residue be¬ 
yond the reach of observation, and left the bed of the river 
almost precisely in its former condition, though, of course, with 
the displacement of the pebbles which every flood produces in 
the channels of such streams. Tho pond, though often pre¬ 
viously discharged by the breakage of the dam, had then been 
undisturbed for about twenty-five years, and its contents 
consisted almost entirely of sand, tho rapidity of the cur¬ 
rent in floods being such that it would let fall little lighter 
sediment, even above an obstruction like a dam. Tho quantity 
I have mentioned evidently bears a very inconsiderable propor¬ 
tion to the total erosion of tho stream during that period, be¬ 
cause the wash of tho banks consists chiefly of fine earth rather 
than of sand, and after tho pond was once filled, or nearly so, 
even this material could no longer bo deposited in it. Tho fact 
of the complete removal of the deposit I have described be¬ 
tween the two dams in a single freshet, shows that, in spite of 
considerable obstruction from roughness of bed, large quantities 
of sand may bo taken up and carried off by streams of no great 
rapidity of inclination; for the whole descent of the bed of the 
river between the two dams—a distance of four miles—is but 
sixty feet, or fifteen feet to the mile. 4 

• In a •host-iron siphon, 1,000 feet long, with a diameter of four inches, 
having the entrance 18 feet, the orifioe of dlschargo 40 feet below the summit 
of the curve, employed in draining a mine in California, the force of the current 
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Tho facts which I have adduced may aid us in forming an 
idea of the origin and mode of transportation of tho prodigious 
deposits at the mouth of great rivers like tho Mississippi, tho 
Nile, the Ganges, and the Hoang-TIo, the deltaof which last river, 
composed entirely of river sediment, has a superficial extent of 
not less than 90,500 square miles. But wo shall obtain a clearer 
conception of tho character of this important geographical pro¬ 
cess by measuring, more in detail, tho mass of earth and rock 
which a well-known river and its tributaries havo washed from 
tho mountains and transported to the plains or tho sea, within 
the historic period. 

The Po and its Deposits . 

Tho current of tho Bivcr Po, for a considerable distanco after 
its volume of water is otherwise sufficient for continuous navi¬ 
gation, is too rapid for that purpose until near Cremona, whoro 
its velocity becomes too much reduced to transport great quan¬ 
tities of mineral matter, except in a state of minute division. 
Its southern atiluents bring down from the Apennines a largo 
quantity of fino earth from various geological formations, whilo 
its Alpine tributaries west of tho Ticino are charged chiefly 
with rock ground down to sand or gravel. Tho bed of tho river 
lias been somewhat elevated by the deposits in its channel, 
though not by any means above tho level of tho adjacent plains^ 
as has been so often represented. Tho dikes, which conflno tho 
current at high water, at tho same tiino augment its velocity 
and compel it to carry most of its sediment to the Adriatic. It 
has, therefore, raised neither its own channel nor its alluvial 
shores, as it would have done if it had remained unconfined. 
But, as the surface of the water in floods is above tho general 
level of tho plains through which it flows, the Po can, at that 
period, receive no contributions of earth from the washing of 

was snob as to carry through the tube great quantities of sand and ooarse 
gravel, some of the grains of whioh wore as largo as an English walnut.— Eat- 
mond, Mining Statistic*, 1870, p. 003. 
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tho fields of Lombardy, and there is no doubt that a large pro¬ 
portion of the sediment it now deposits at its mouth descended 
from the Alps in the form of rock, though reduced by the 
grinding action of the waters, in its passage seaward, to the 
condition of fine sand, and often of silt. 

We know little of the history of the Po, or of the geography 
of the coast near tho point where it enters the Adriatic, at any 
period more than twenty centuries before our own. Still less 
can we say how much of the plains of Lombardy had been 
formed by its action, combined with other causes, before man 
accelerated its levelling operations by felling the first woods on 
the mountains whence its waters are derived. But we know 
that since the Roman conquest of Northern Italy, its deposits 
have amounted to a quantity which, if recemented into rock, 
recombined into gravel, common earth, and vegetable mould, 
and restored to tho situations where eruption or upheaval origi¬ 
nally placed or vegotation deposited it, would fill up hundreds 
of deep ravines in the Alp3 and Apennines, change the plan 
and profile of their chains, and give their southern and north¬ 
ern faces respectively a geographical aspect very different from 
that they now present. Ravenna, forty miles south of tho prin¬ 
cipal mouth of tho Po, was built like Venice, in a lagoon, and 
tho Adriatic still washed its walls at tho commencement of tho 
Christian era. Tho mud of tho Po has filled up the lagoon, 
and Ravenna is now four miles from the sea. The town of 
Adria, which lies between the Po and the Adige, at tho dis¬ 
tance of some four or five miles from each, was once a harbor 
famous enough to have given its name to the Adriatic Sea* and 
it was still accessible to large vessels, if not by the open sea at 
least by lagoons, in the time of Augustus. The combined ac¬ 
tion of the two rivers has so advanced the coast-line that Adria 
is now more than fourteen miles inland, and, in othor places, 
the deposits made within the same period by these and other 
neighboring streams have a width of twenty miles. 

What proportion of the earth with which they are charged 
these rivers have borne out into deep water, during the last two 
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thousand years, wo do not know, but as they still transport 
enormous quantities, as tho North Adriatic appears to liavo 
shoaled rapidly, and as long islauds, composed in great part of 
fluviatile deposits, have formed opposito their mouths, it 
evidently have boon very great. Tho Hoods of tho Po occur 
but onco, or sometimes twice, in a year.* At other times, its 
waters are comparatively limpid and seem to hold no great 
amount of mud or fine sand in mechanical suspension; but at 
high water it contains a largo proportion of solid matter,, and, 
according to Lombardini, it annually transports to tho shores 
of the Adriatic not less than 42,700,000 cubic metres, or very 
nearly 55,000,000 cubic yards, which carries tho coast-lino out 


* In the earlier medieval centuries, when tho doolivities of tho mountains 
still rotainod a much larger proportion of their woods, the moderate annual 
Hoods of the Fo wore occasioned by tho melting of tho Known on tho lower 
slopes, and, according to a passage of Tasso quotod by Castellan! {DdC In• 
fiiunza dclU Sdce, i., p. 58, note), they took plnco in May. Tho usually more 
violent inundations of lator ages aro duo to rains, tho waters of which aro no 
longer retained by a forest-soil, but conveyed at onco to tho livers—and they 
occur almost uniformly in tho autumn or lute summer. Castollani, on tho 
page just quoted, says that even so Into as about 1780, the Po required a hoavy 
rain of a week to ovorllow its banks, but that forty years later it was some¬ 
times raised to full ilood in a singlo day. 

Pliny says: “ Tho Po, which is inferior to no rivor in swiftnoss of ourrent, 
is in flood about tho rising of tho dog-slar, tho *now then molting, and though 
so rapid in flow, it washes nothing from tho soil, but loaves it increased in fer¬ 
tility.*’— Natural ItUtory , Book HL, 20. 

Tho first terrible inundation of tho Po in 1872 took placo in May, and ap¬ 
pears to have boon occasionod by heavy rains on the southom flank of tho 
Alps, and to havo received little accession from Bnow. Tho snow on tho highor 
Alps does not usually thaw so as to occasion floods bofore August, aud often 
com’derably later. Tho more dostruotive flood of Ootobor, 1872, was caused 
both by thaws in the high mountains and by an extraordinary fall of rain. 
See Hirer Embankn\enU; •poet, 

Pliny’s remark as to enrichment of tho soil by tho floods appears to be veri¬ 
fied in the oase of that of Ootobor, 1872, for it is found that the water has 
left very extensively a thick deposit of slime on tho fields. 

See a list of tho historically known great inundations of the Po by tho 
engineer Zuooholli in Tobbllz, ProgeUo di Legge per la Vcndila di Beni 
inccUL 1101110,1879. 
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into the 6ca at the rate of more than 200 feet in a year.* The 
depth of the annual deposit is stated at eighteen centimetres, or 
rather more than seven inches, and it would cover an area of 
not much less than ninety square miles with a layer of that 
thickness. The Adige, also, brings every year to the Adriatic 
many million cubic yards of Alpine detritus, and the contribu¬ 
tions of the JBrenta from the same source aro far from incon¬ 
siderable. The Adriatic, however, receives but a small propor¬ 
tion of the soil and rock washed away from the Italian slope of 
the Alps and the northern declivity of the Apennines by tor¬ 
rents. Nearly the whole of the debris thus removed from the 
southern face of the Alps between Monte Rosa and the sources 
of the Adda—a length of watershed f not less than one hun¬ 
dred and fifty miles—is arrested by the still waters of the Lakes 


* This change of coast-line cannot be aBoribed to upheaval, for a compari¬ 
son of the level of old buildings—ns, for instance, the church of Son Vitale and 
the tomb of Thoodorio at Ravenna—with that of the sea, tends to prove a de¬ 
pression rathor than an elovation of their foundations. 

A computation by a different method makes tho deposits at the mouth of 
the Po 2,123,000 metres loss ; but as both of them omit the gravel and silt 
carried down at ordinary and low water, we are safe in assuming the larger 
quantity. 

f Sir John P. W. Horschol ( Physical Geography, 137, and elsewhere) spells this 
word water-schcd, because he considers it a translation, or rather an adoption, 
of tho German ** Wassor-soheide, separation of tho waters, not water-sAai the 
slopo down which the waters run.” As a point of historical etymology, it is 
probablo that the word in question was suggested to tlioso who first used it by 
the German Waescrscheide ; but the spelling xcatcrschcd , proposed by Her- 
schcl, is objectionable, both because sch is a combination of letters wholly un¬ 
known to modem English orthography and properly representing no sound re¬ 
cognised in English orthoepy, and for the still better reason that watershed, 
in the sense of dieisionof-the-waters, has a legitimate English etymology. 

Tho Anglo-Saxon socadan meant both to separate or divide, and to shade or 
shelter. It is the root of the English vorbs to shed and .to shade, and in the 
former meaning is the A. S. equivalent of the Gorman verb seheiden. 

Shed in Old English had the meaning to separate or distinguish. It is so 
used in the Old and ths Nightingale, v. 107. Palsgrave ( Lesdarcissement , eta, 
p. 717) defines 1 elude, I departe thinges asonder ; and the word still means 
to divide in several English local dlaloots. Henoe, watershed , the division or 
separation of ths waters, is good English both in etymology and in spelling. 
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Ufoggiore and Como, and some smaller lacustrine reservoirs, and 
never reaches the sea. The Po is not continuously embanked 
except for the lower half of its course. Above Cremona, there¬ 
fore, it spreads and deposits sediment over a wide surface, and 
the water withdrawn from it for irrigation at lower points, as 
well as its inundations in the occasional ruptures of its banks, 
carry over the adjacent soil a large amount of slime. * 

If to the estimated annual deposits of the Po at its mouth, 
we add tho earth and sand transported to the sea by the Adige, 
the JBrenta, and other less important streams, tho prodigious 
mass of detritus swept into Lago Jfaggiore by tho Tosa, tho 
Maggia, and tho Ticino, into tho lake of Como by tho Maira 
and tho Adda, into tho lakes of Garda, Lugano, Isco, and Idro, 
by thoir affluents,f and tho yet vaster heaps of pebbles, gravel, 
and earth permanently deposited by tho torrents near their 
points of eruption from mountain gorges, or spread over tho 
wide plains at lower levels, wo may safely assume that wo have 
an aggregate of not less than ten times tho quantity carried to 
the Adriatic by the Po, or 550,000,000 cubic yards of solid 
matter, abstracted every year from the Italian Alps and the 
Apennines, and removed out of their domain by tho forco of 
running water. % 


• Tho quantity of sediment deposited by tho Po on tho plains whioh border 
it, before tho construction of the continuous dikes and in tho iloods which oc¬ 
casionally burst through them, is vast, and tho consequent clovation of those 
plains is very considerable. I do not know that this latter point has boon 
mado a subject of special investigation, but vineyards, with tho vinos still at¬ 
tached to tho elms which supported thorn, have boon found two or tbroo yards 
below the present surface at various points on tho plains of Lombardy. 

f Tho Po receives about four-tenths of its waters from thoso lakes. Soe 
Lomuardixi, Dei cangiamcnii ncUa eondizionc dd Po , p. 20. All tho sodi. 
ment carried into tho lakes by tbeir tributaries is depositod in thorn, and the 
water which Hows out of them is perfectly limpid. From their proximity to 
tho Alps and the number of torrents which empty into them, thoy no doubt 
receivo vastly more transported matter than is contributed to tho Po by the 
six-tenths of its waters received from other sources. 

£ Mengotti estimated tho mass of solid matter annually “united to the wa¬ 
ters of tho Po ” At 822,000,000 cubio metres, or nearly twenty timos as much 
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Tho present rate of deposit at the mouth of tho Po has con¬ 
tinued since tho yoar 1G00, the previous advance of tho coast, 
after tho year 1200, having been only one-third as rapid. Tho 
great increase of erosion and transport is ascribed by Lomlmr- 
dini chiefly to the destruction of the forests in the basin of that 
river and the valleys of its tributaries, since the beginning of 
the seventeenth century.* We have no data to show the rate 
of deposit in any given century before the year 1200, and it 
doubtless varied according to the progress of population and 
the consequent extension of clearing and cultivation. Tho 
transporting power of torrents is greatest soon after their for¬ 
mation, bocause at that time their points of delivery are lower, 
and, of course, their general slope and velocity more rapid, 
than after years of erosion above, and deposit below, have 
depressed the beds of their mountain valleys, and elevated the 
channels of their lower course. Their eroding action also is 
most powerful at tho same period, both because their mechan¬ 
ical force is then greatest, and because the loose earth and 
stoues of freshly cleared forest-ground are most easily removed. 
Many of the Alpine valleys west of the Ticino—that of the 
Dora Baltea, for instance—were nearly stripped of their forests 
in the days of the Homan Empiro, others in the Middle Ages, 
and, of courso, thero must have keen, at different periods beforo 
the year 1200, epochs when the erosion and transportation of 
solid matter from the Alps and the Apennines were at least as 
great as since the year 1600. 

Upon the whole, we shall not greatly err if we assume that, 
for a period of not less than two thousand years, the walls of 
the basin of the Po—-the Italian slope of the Alps, and tho 

m, according to Lombardini, that river delivors into the Adriatic. Castellan! 
•apposes the computation of Mengotti to fall muoh below the truth, and thero 
can be no doubt that a vastly larger quantity of earth and gravel is washed 
down from the Alps and the Aponninos than is oarried to the sea.— Oastkl- 
LA 2 YX, DeJT Immediate Influeiua dell* Seloeml ooreo dells Aeque, i., pp. 49,48. 

I have contented myself with assuming less than one-half of Mengotti’s esti¬ 
mate. 

• Baumgabtiv, An. dm Pent* m Ohaumim, 1847, ler sfaestre, p. 178. 
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northern and north-eastern declivities of the Apennines—have 
annually sent down into the lakes, tho plains, and the Adriatic, 
not less than 375,000,000 cuhjc yards of earth and disintegrated 
rock. Wo have, then, an aggregate of 750,000,000,000 cubic 
yards of such material, which, allowing to the mountain surface 
in question an area of 50,000,000,000 square yards, wonld 
cover tho whole to the depth of fifteen yards.* There are very 
large portions of this area, where, as wo know from ancient 
remains—roads, bridges, and tho like—from other direct testi¬ 
mony, and from geological considerations, very littlo degrada¬ 
tion has taken place within twenty centuries, and hence tho 
quantity to be assigned to localities where the destructive causes 
have been most active is increased in proportion. 

If this vast mass of pulverized rock and earth wore restored 
to tho localities from which it was derived, it cortainly wonld 
not obliterate valleys and gorges hollowed out by great geo 
logical causes, but it would reduce tho length and diminish tho 
depth of ravines of later formation, modify tho inclination of 
their walls, rcclotho with earth many bare mountain ridges, 
essentially change tho lino of junction between plain and 
mountain, and cany back a long reach of tho Adriatic coast 
many miles to tho wcst.f 

It is, indeed, not to bo supposed that all tho degradation of 

* The total suporfleies of tho basin of the Po, down to Ponte Lagosouro 
[Ferrara]—a point where it has received all its affluents—;is 6,038,200 hoo- 
tares, that is, 4,105,COO in mountain lands, 2,832,000 in plain lauds.— 
Dumont, Traoaux Publics , etc., p. 272. 

These latter two quantities are oqual rospeotively to 10,145,348, and 
0,000,038 aores, or 15,852 and 10,037 square miles. 

f I do not use those quantities os factors tho value of whioh is precisely 
ascertained; nor, for tho purposes of the present argument, is quantitative 
exactness important. I omploy numerical statements simply as a means of 
aiding the imagination to form n general and certainly not extravagant idea of 
the extont of geographical revolutions which man has done much to aooolerate, 
if not, strictly speaking, to produce. 

There is an old proverb, Dolus latct in gcnmtlibus, and Arthur Young is not 
the only publio economist who has warned bis readers against the deooltfulnoss 
of round numbers. 1 think, on the oontrary, that vastly more error has been 
produoed by the affectation of precision in oases where precision is impossible. 
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tho mountains is due to the destruction of the forests—that the 
flanks of every Alpine valley in Central Europe below the 
6no\v-lino wore once covered with earth and green with woods, 
but there are not many particular cases in which we can, with 
certainty, or even with strong probability, affirm the contrary. 

Mountain Slides . 

Terrible os are the ravages of tho torrent and the river-flood, 
the destruction of the woods exposes human life and industry 
to calamities even more appalling than those which I have yet 
described. Tho slide in the Notch of the White Mountains, by 
which the Willey family lost their lives, is an instance of the 
6ort I refer to, though I am not able to 6ay that in this particu¬ 
lar case tho slip of the earth and rock was produced by the 
denudation of the surface. It may have been occasioned by 
this cause, or by the construction of tho road through tho Notch, 
tho excavations for which, perhaps, cut through the natural 
buttresses that supported the sloping strata above. 

Not to speak of tho fall of earth when tho roots which held 
it together, and the bed of leaves and mould which sheltered 

In all tho groat operations of terrestrial nature, the elements are so numerous 
and so difficult of exact appreciation, that, until the means of scientific obser¬ 
vation and measurement are much more perfected than they now aro, we 
must content ourselves with general approximations. I say terrestrial nature, 
because in oosmical movements we have fewer elements to deal with, and may 
therefore arrive at muoh more rigorous proportional accuracy in determination 
of time and place than we can in fixing and predicting the quantities and the 
epochs of variable natural phenomena on the earth's surface. 

Travellers are often misled by looal habits in the use of what may bo called 
representative numbers, where a definite is put for an indefinite quantity. A 
Greek, who wished to express the notion of a great but undeterminod num¬ 
ber, used “ myriad, or ten thousand; ” a Homan, “ six hundred; ” an Orien¬ 
tal, “forty,” or, at present, very oommonly, “fifteen thousand.” Many a 
tourist has gravely repeated, as an ascertained fact; the vague statement of 
the Arabs and the monks of Mount Sinai, that the ascent from the convent 
of St. Catherine to the summit of Gebel Moosa counts “ fifteen thousand ” 
steps, though the difference of level is two thousand feet; and the “ Forty” 
Thieves, the “forty” martyr-monks of the oonvent of £1 Arbain— not to 




MOUNTAIN SLIDES. 


2S5 


it both from disintegrating frost and from sudden drenching 
and dissolution by heavy showers, are gone, it is easy to seo 
that, in a climate with severe winters, tho removal of the for¬ 
est, and, consequently, of tho 6oil it had contributed to form, 
might cause the displacement and descent of great masses of 
rock. Tho woods, tho vegetable mould, and the soil beneath, 
protect tho rocks they cover from the direct action of heat and 
cold, and from the expansion and contraction which accom]>any 
them. Most rocks, while covered with earth, contain a con¬ 
siderable quantity of water.* A fragment of rock pervaded 
with moisture cracks and splits, if thrown into a furnace, and 

speak of a similar use of this numeral in moro important cases—havo often 
been understood as expressions of a known number, when in fact they mean 
simply many. The number u fifteen thousand” has found its way to Romo, 
and Do Quincey seriously informs us, on the authority of a lady who had 
been at much pains to ascertain tho exact truth, that, including’ closets largo 
enough for a bed, tho Vatican contains fiftcon thousand rooms. Any ono who 
has observed the vast dimensions of most of tho apartments of that structuro 
will admit that we mnko a very small allowance of space when wo assign a 
square rod, sixteen and a half feet squaro, to each room upon tho averago. 
On an aero, thcro might bo ono hundred and sixty such rooms, including parti¬ 
tion walls; and, to contain fifteen thousand of them, a building must cover 
moro than nine acres, and bo ton stories high, or possess other equivalent 
dimensions, which, ns ovory traveller knows, many timos exceeds tho truth. 

Tho valuo of a high standard of accuracy in scientific observation con 
hardly bo overrated; but habits of rigorous exactness will novor bo formed 
by an investigator who allows himself to trust implicitly to tho numerical 
precision of tho results of a fow experiments. Tho wonderful accuracy of 
gcodetio measurements in modem timos is, in general, attained by taking the 
mean of a great number of observations at every station, and this final pre¬ 
cision is but tho mutual balance and compensation of numerous errors. 

Tho pretended exactness of statistical tables is too often littlo hotter than 
an imposture; and thoso founded not on dircot estimation by compctont ob¬ 
servers, but on tho report of persons who havo no particular interest in know¬ 
ing the trath, but often havo a motivo for distorting it, aro commonly to bo 
regarded as but vaguo guesses at the actual fact. 

* Rock is permeable by water to a greater extent than is generally sup¬ 
posed. Freshly quarried marble, and even gronito, as well as most other 
stones, are sensibly heavier, as well os softer and more easily wrought, than 
after thoy are dried and hardened by air-seasoning. Many sandstones are 
porous enough to serve as filters for liquids, and muoh of that of Upper Egypt 
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6omotimes with a loud detonation; and it is a familial* ob¬ 
servation that the fire, in burning over newly cleared lands, 
breaks up and sometimes almost pulverizes the stones. This 
effect is due partly to the unequal expansion of the 6tonc, partly 
to the action of heat on the water it contains in its pores. The 
sun, suddenly let in upon rock which had been covered with 
moist earth for centuries, produces more or less disintegration 
in the same way, and tho stone is also exposed to chemical influ¬ 
ences from which it was sheltered before. But in the climate 
of the United States as well as of tho Alps, frost is a still moro 
powerful agent in breaking up mountain masses. Tho soil 
that protects tho lime and sandstone, tho slate and the granite 
from tho influence of tho sun, also provents tho wntor which 
filters into their crevices and between their strata from freez¬ 
ing in tho hardest winters, and tho inoisturo descends, in a 
liquid form, until it escapes in springs, or passes off by deep 
subterranean channels. But wheu the ridges aro laid bare, tho 
water of the autumnal rains fills tho minutest pores and veins 
and fissures and lines of separation of tho rocks, then suddenly 
freezes, and bursts asunder huge, and apparently solid blocks 
of adamantine stone. 41. Where the strain are inclined at a con¬ 
siderable angle, the freezing of a thin film of water over a largo 

and Nubia biases audibly when thrown into water, from the escape of the air 
forced out of it by hydroBtatlo pressure and the capillary attraction of tho 
porea for water. 

Even the donsor silicious stones aro penetrable by fluids and the coloring 
matter they oontain, to suoh an extent that agates and other forms of silox 
may be artifioiaUy stained through their substanoe. The oolors of the stones 
out at Oberstein are generally produoed, or at least heightened, by art. This 
art was known to and practised by the anoient lapidaries, and it has been re¬ 
vived in rooont times. 

+ Polissy had observed the eotion of frost in disintegrating rook, and he 
thus describes it, in his essay on the formation of ioe: “ I know that the 
stonos of the mountains of Ardennes be harder than marble. Nevertheless, 
tho people of that country do not quarry the said stones in winter, for that 
they be subjoot to frost; and many times the rooks have boon seen to faU 
without being out, by means whereof many people have been killed, when 
the said rooks wore thawing." Polissy was ignorant of the expansion of 
water in freezing—in foot, fee supposed that the meohanical force exerted by 
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intcratratal area might occasion a slide that should cover miles 
with its ruins; and similar results might ho produced by tho 
simple hydrostatic pressure of a column of water, admitted, by 
tho removal of the covering of earth, to flow into a crevice 
faster than it could escape through orifices below. 

Earth or rather mountain slides, compared to which the ca¬ 
tastrophe that buried tho Willey family in Xew Hampshire was 
but a pinch of dust, have often occurred in tho Swiss, Italian, 
and French Alps. Tho land-slip, which overwhelmed, and 
covered to tho depth of seventy feet, the town of Plu»*o in tho 
valley of tho Maira, on tho night of tho 4th of September, 1018, 
sparing not a soul of a population of 2,4o0 inhabitants, is one 
of tho most memorable of these catastrophes, and tho fall of 
tho Iiossberg or Itufibcrg, which destroyed the little town of 
Goldau in Switzerland, and 450 of its people, on tho 2d of 
September, 1S0C, is almost equally celebrated. In 1771, ac¬ 
cording to Wcsscly, tho mountain-peak Piz, near Allcgho in 
tho province of Bclluno, slipped into tho bed of tho Cordovolo, 
a tributary of tho Piavc, destroying in its fall three hamlets and 
sixty lives. Tho rubbish filled the valley for a distanco of nearly 
two miles, and, by damming up tho waters of tho Cordovole, 
formed a lake about three miles long, and a hundred and fifty 
feet deep, which still subsists, though reduced to half its origi¬ 
nal length by tho wearing down of its outlet.* 

Tho important provincial town of Veloia, near Piacenza, 
where many interesting antiquities have been discovered within 

freezing-water was duo to compression, not dilatation—and therefore ho as¬ 
cribes to thawing alouo efforts resulting not less from congelation. 

Various forces combine to produce tbo stone avalanches of tho higher Alps, 
the fall of which is one of tho greatest dangors incurred by tho adventurous 
explorers of those regions—tho direct action of the sun upon tho stone, tho 
expansion of freezing-water, and tho loosening of masses of rock by tho thaw¬ 
ing of the ico which supported thorn or held them togethor. 

• Wessei.y, DU OcttcrrtichUchen AlpcnUlndct md ihve Forate y pp. 123, 
120. Wcsscly records several other moro or less similar occurronces in tho 
Austrian Alps. Some of them, oertainly, are not to bo ascribed to the removal 
of the woods, but in most eases thoy aro clearly traceable to that cause. 
See Dccus det Hutu tt FontU for 1600, pp. 162, 203. 
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a few years, was buried by a vast land-slip, probably about tbe 
time of Probus, but no historical record of the event has sur¬ 
vived to us. 

On the 14th of February, 1855, the hill of Belmonte, a little 
below the parish of San Stefano, in Tuscany, slid into the val¬ 
ley of the Tiber, which consequently flooded the village to the 
depth of flfty feet, and was finally drained off by a tunnel. 
The mass of ddbris is stated to have been about 3,500 feet long, 
1,000 wide, and not less than 600 high.* 

Occurrences of this sort have been so numerous in the Alps and 
Apennines, that almost every Italian mountain commune has its 
tradition, its record, or its still visible traces of a great land-slip 
within its own limits. The old chroniclers contain frequent 
notices of such calamities, and Giovanni Villani even records 
the destruction of fifty houses and the loss of many lives by a 
slido of what seems to have been a spur of the hill of JSan 
Giorgio in the city of Florence, in the year 1284.f 

Such displacements of earth and rocky strata rise to the mag¬ 
nitude of geological convulsions, but they are of so rare occur¬ 
rence in countries still covered by the primitive forest, so com¬ 
mon where the mountains have been stripped of their native 
covering, and, in many cases, so easily explicable by the drench¬ 
ing of incohcsive earth from rain, or the free admission of 
water between the strata of rocks—both of which a coating 
of vegetation would have prevented—that we are justified in 
ascribing them for the most part to the same cause as that to 
which tho destructive effects of mountain torrents are chiefly 
due—the felling of the woods.:}: 


*Biancki, Appendix to the Italian translation of Mrs. Somerville's 
Physical Geography , p. xxxvi. 

f Cronica di Giovanni Villani, lib. viL, cap. 87. For descriptions of 
other slides in Italy, see some author, lib. xi, cap. 20 ; Fanfani, Antologia 
ltaliana , parte ii., p. 05 ' r Giuliani, Linguaggio viventc della Toscana , 1805, 
letters 68. 

% Thero is good reason for thinking that many of the earth and rook slides 
In the Alps occurred at an earlier period than the origin of the forest vegeta¬ 
tion which, in later ages, covered the flanks of those mountains. Seo Bericht 
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In nearly every case of this sort the circumstances of which 
are known—except the rare instances attributable to earth¬ 
quakes—the immediate cause of tho slip has been the imbibi¬ 
tion of water in largo quantities by bare earth, or its introduc¬ 
tion between or beneath solid strata. If water insinuates itself 
between tho strata, it creates a sliding surface, or it may, by 
its expansion in freezing, separate beds of rock, which had 
been nearly continuous beforo, widely enough to allow tho 
gravitation of the superincumbent mass to overcome tho re¬ 
sistance afforded by inequalities of faco and by friction; if it 
finds its way beneath hard earth or rock reposing on clay or 
other bedding of similar properties, it converts tho supporting 
layer into a semi-fluid mud, which opposes no obstaclo to tho 
sliding of the strata above. 

Tho upper part of the mountain which buried Goldan was 
composed of a hard but brittle conglomerate, called nagelflue , 
resting on an unctuous clay, and inclining rapidly towards tho 
village. Much earth remained upon tho rock, in irregular 
masses, but tho woods had been felled, and the water had free 
access to tho surface, and to tho crevices which sun and frost 
had already produced in tho rock, and, of course, to tho slimy 
stratum beneath. Tho whole summer of 1S0G had been very 
wet, and an almost incessant deluge of rain had fallen tho day 
preceding tho catastrophe, as well as on that of its occurrence. 
All conditions, then, were favorable to tho sliding of tho rock, 
and, in obedience to the laws of gravitation, it precipitated itself 
into the valley as soon as its adhesion to tho earth beneath it 
was destroyed by tho conversion of tho latter into a viscous 
paste. The mass that fell measured between two and a half 
and three miles in length by one thousand feet in width, and 

uber die Untcnuchung der SchioetierucJun Jlochgcbirysicaldungcn, lbOO, p. 

Gl. 

Where more recent slides have been again clothed with woods, the troes, 
shrubs, and smaller plants which spontaneously grow upon them are usually of 
different species from those observed upon soil displaced at romoto periods. 
This differenoe is so marked that the site of a slido can often be rooognixed at 
A great distanoe by the general color of tho foliage of its vogotation. 

12 
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its average thickness is thought to have been about a hundred 
feet The highest portion of the mountain was more than 
three thousand feet above the village, and the momentum 
acquired by the rocks and earth in their descent carried huge 
blocks of stone far up the opposite slope of the Itigi. 

The Piz, which fell into the Cordevole, rested on a steeply 
inclined stratum of limestone, with a thin layer of calcareous 
marl intervening, which, by long exposure to frost and the in¬ 
filtration of water, had lost its original consistence, and become 
a loose and slippery mass instead of a cohesive and tenacious 
bed. 

Protection against Avalanches. 

In Switzerland and other snowy and mountainous countries, 
forests render a most important service by preventing the for¬ 
mation and fall of destructive avalanches, and in many parts 
of the Alps exposed to this catastrophe, the woods are pro¬ 
tected, though too often ineffectually, by law. No forest, in¬ 
deed, could arrest a large avalanche once in full motion, but 
the mechanical resistance afforded by the trees prevents their 
formation, both by obstructing the wind, which gives to the 
dry snow of the StauthLawine , or dust-avalanche, its first im¬ 
pulse, and by checking the disposition of moist snow to gather 
itself into what is called the Putsch-Lawine } or sliding ava- 
lanclio. Marchand states that, the very first wintor after the 
felling of the trees on the higher part of a declivity between 
Saanen and Gsteig whore the snow had never been known to 
slide, an avalanche formed itself in the clearing, thundered 
down the mountain, and overthrew and carried with it a 
hitherto unviolated forest to the amount of nearly a million 
cubic feet of timber.* Elisde Iloclus informs us in his re¬ 
markable work, La Terre } vol. i., p. 212, that a mountain, which 
rises to the south of the Pyronosan village Araguanet in the upper 
valley of the Neste, having been partially stripped of its woods, 
a formidable avalanche rushed down from a plateau above in 


Entwaldung dcr Qebirge, p, 41. 
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1S46, and swept off more than 15,000 pine-trees. The path 
once opened down the flanks of the mountain, the evil is almost 
beyond remedy. The snow sometimes carries off the earth 
from the face of the rock, or, if the soil is left, fresh slides 
every winter destroy the young plantations, and the restoration 
of the wood becomes impossible. The track widens with every 
new avalanche. Dwellings and their occupants are buried in 
the snow, or swept away by the rushing mass, or by the furious 
blasts it occasions through the displacement of the air; roads 
and bridges are destroyed; rivers blocked up, which swell till 
they overflow the volley above, and then, bursting their snowy 
barrier, flood the fields below with all the horrors of a winter 
inundation.* 


* The importance of the wood in preventing avalanches is weU illustrated 
by the faot that, where the forest is wanting, the inhabitants of localities ex* 
posed to snow-slides often supply the placo of tho trees by driving stakes 
through the snow into the ground, and thus checking its propensity to slip. 
Tho woods themselves are somotimes thus protected against avalanches 
originating on slopes abovo them, and as a further security, small trees are 
cut down along tho upper line of tho forest, and laid against the trunks of 
larger trees, transversely to the path of tho slide, to serve as a fence or dam 
to tho motion of an incipient avalanoho, which may by this moans bo avrestod 
boforo it acquires a destructive velocity and forco. 

In the volume cited in tho text, Rcclus informs us that “ the villngo and 
tho groat thermal establishment of Bareges in tho Pyrenees wore throateuod 
yearly by avalanohos which prooipitatod themselves from a height of 1,200 
metres and at an angle of 85 degrees; so that tho inhabitants had boon obligod 
to loave large spaces between tho diileront quarters of tho town for the free 
passago of tho descending masses. Attempts havo been rooontly made to 
provont those avalanches by moans similar to thoHO employed by the 8wiss 
mountaineers. They out terraces threo or four yards in width across the 
mountain slopos and supported these terracos by a row of iron piles. Wattled 
foneos, with hero and thoro a wall of stone, shelter tho young shoots of trees, 
which grow up by degroes under the protection of these defencos. Until 
natural trees are ready to arrest tho snows, theso artificial supports tako 
thoir place and do their duty very well. The only avalanoho which swept 
down the slope in the year 1800, when these works were eompletod, did not 
amount to 850 oubio yards, while the masses whioh fell boforo this work was 
undertaken oontoined from 75,000 to 80,000 oubio yards.”— Za Terrs, voL i., 

p. 288 . 
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Minor Uses of the Forest . 

Besides the important conservative influences of the forest 
and its value as the source of supply of a material indispensa¬ 
ble to all the arts and industries of human life, it renders other 
services of a less obvious and less generally recognized char¬ 
acter. 

Woods often subserve a valuable purpose in preventing the 
fall of rocks, by mere mechanical resistance. Trees, as well as 
herbaceous vegetation, grow in the Alps upon declivities of 
surprising steepness of inclination, and the traveller sees both 
luxuriant grass and flourishing woods on slopes at which the 
soil, in the dry air of lower regions, would crumble and fall by 
the weight of its own particles. When loose rocks lie scattered 
on the face of these declivities, they are hold in place by the 
trunks of the trees, and it is very common to observe a stone 
that weighs hundreds of pounds, perhaps even tons, resting 
against a tree which has stopped its progress just as it was be¬ 
ginning to slide down to a lower level. When a forest in such 
a position is cut, these blocks lose their support, and a singlo 
wet season is enough not only to bare the face of a considerable 
extent of rock, but to cover with earth and stone many acres of 
fertile soil below.* 

In alluvial plains and on the banks of rivers trees are ex¬ 
tremely useful as a check to the swift flow of the water in inun¬ 
dations, and the spread of the mineral material it transports; 
but this will be more appropriately considered in the chapter 
on the Waters; and another most important use of the woods, 
that of confining the loose sands of dunes and plains, will be 
treated of in the chapter on the Sands. 


• See in Kohl, Alpenreisen, L, 120, an aoooont of the rain of fields and pas- 
taxes, and even of the destruction of a broad belt of forest, by the faU of rooks 
in oonsequenoe of cutting a few large trees. Oattle are very often killed in 
Switzerland by rook-avalanches, and their owners secure themselves from loss 
by insurance against this risk as against damage by fire or hail. 
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Small Forest Plants , and Vitality of Seed. 

Another function of the woods, to which I have barely 
alluded, deserves a fuller notice than can be bestowed upon it 
in a treatise the scope of which is purely economical. The 
forest is the native habitat of a largo number of humbler plants, 
to the growth and perpetuation of which its shade, its humidi¬ 
ty, and its vegetable mould appear to be indispensable necessi¬ 
ties.* We cannot positively say that the foiling of the woods 
in a given vegetable province would involve the final extinction 
of the smaller plants which are found only within their pre¬ 
cincts. Some of these, though not naturally propagating them¬ 
selves in the open ground, may perhaps germinate and grow 

* “A hundred and fifty paces from iny house is a hiU of drift-sand, on 
which stood a few scattered pines ( Pinna sylccstris). Semper cicum tccto- 
rum in abundance, Staticc armerin , Ammo no xcrnalia , Dianthua earth nsiano* 
r?/;n, with other sand-plants, wero growing there. X planted tho hiU with a 
few birches, and aU tho plants I have raoutioned completely disappeared, 
though there wero many naked spots of sand between tho trees. It should 
be added, howover, that tho hillock is more thickly wooded than before. 
... It seems then that Sempercicum tcctorum, etc., will not boar the 
neighborhood of tho birch, though growing well near the Pinna sylccatria. I 
have found tho large rod variety of Agar leva ddicioaua only among the roots 
of the pine ; the greenish-blue Agaricua ddicioaua among alder roots, but not 
near any other tree. Birds have their partialities among trocs and shrubs. 
The Sileice prefer tho Pious LnrU to other trees. In my garden this Pinna is 
never without thorn, but I never saw a bird perch on Thuja occidentalis or 
Junipcrus sabina, although the thick foliage of tlicso latter trees affords birds 
a better sbeltor than tho loose leafage of other trees. Not even a wren ever 
fiuds its way to one of thorn. Perhaps tho scent of tho Thuja and the Juni* 
prrua is offensive to them. I have spoiled one of my meadows by cutting 
away the bushes. It formerly boro grass four feet high, becauso many am* 
belliferous plants, such as Ueroelcum spondyliu)n y Spiro:a ulmaria t Laseiyi • 
tium latifolia , etc., grew in it. Under tho shelter of the bushes these plants 
ripened and bore seed, but they gradually disappeared os tho shrubs woro ex¬ 
tirpated, and the grass now does not grow to the height of more than two 
foot, becauso it is no longer obliged to keep pace with the urobeUifera which 
flourished among it." See a paper by J. O. BOttneh, of Kurland, in Berg- 
Daub’s Geographisches Jahrbuch , 1852, No. 4, pp. 14, 15. 

These facts are interesting as illustrating the multitude of often obsocur 
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under artificial stimulation and protection, and finally become 
hardy enough to maintain an independent existence in very 
different circumstances from those which at present seem essen* 
tial to their life. 

Besides this, although the accounts of the growth of seeds, 
which have lain for ages in the ashy dryness of Egyptian cata¬ 
combs, are to be received with great caution, or, more proba¬ 
bly, to be rejected altogether, yet their vitality 6ecms almost 
imperishable while they remain in the situations in which nature 
deposits them. When a forest old enough to have witnessed 
the mysteries of the Druids is felled, trees of other species 

oonditions upon which the life or vigorous growth of smaller organisms de¬ 
ponds. Particular species of truffles and of mushrooms are found associated 
with particular trees, without being, as is popularly supposed, parasites deriv¬ 
ing their nutriment from the dying or dead roots of those trees. The suocess 
of Rousseau's experiments seem deoisive on this point, for he obtains larger 
crops of truffles from ground oovered with young seedling oaks than from that 
filled with roots of old trees. See an artiole on Mont Ventoux, by Charles 
Martins, in the Revue dee Deux Mondoe , Avril, 1803, p. 020. 

It ought to be much more generally known than it is, that most if not all 
mushrooms, even of the spooles reputed poisonous, may be rondered harmloss 
and healthful as food by soaking them for two hours in acidulated or salt 
water. The water requires two or three spoonfuls of vinegar or two spoon¬ 
fuls of gray salt to the quart, and a quart of wator is onough for a pound of 
sliced mushrooms. After thus soaking, they aro well washed in frosh wator, 
thrown into oold water, whioh is raisod to the boiling-point, and, aftor re¬ 
maining half an hour, taken out and again washed. Girard, to prove that 
44 crumpets is wholesome,'* ate one hundred and seventy-five pounds of the 
most poisonous mushrooms thus prepared, in a single month, fed his family 
ad libitum with the same, and finally administered them, in heroic doses, to 
the members of a oommittee appointed by the Counoil of Health of the city 
of Paris. Seo Fiouieu, L'Annie SoUntifique^ 1802, pp. 333,384. It should be 
observed that the venomous prinoiple of poisonous mushrooms is not decom¬ 
posed And rendered innooent by the process dosoribed in the note. It is merely 
extracted by the acidulated or saline water employed for soaking the plants, 
And ©are should be taken that this water be thrown away out of the reach 
of mischief. 

It has long been known that the Russian peasantry eat, with impunity, 
mushrooms of species everywhere else regarded es very poisonous. Is it not 
probable that the secret of rendering them harmless—whioh was known to 
Pliny, though sinoe forgotten in Italy—is possessed by the rustio Muscovites ? 
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spring up in its place; and when they, in their turn, fall be¬ 
fore the axe, sometimes even os soon as they have spread their 
protecting shade over the surface, the germs which thoir prede¬ 
cessors had shed yearn, perhaps centuries before, sprout up, and 
in duo time, if not choked by other trees belonging to a later 
6tage in the order of natural succession, restore again the origi¬ 
nal wood. In these cases, the seeds of the new crop may have 
been brought by the wind, by birds, by quadrupeds, or by other 
causes; but, in many instances, this explanation is notprobablo. 

When newly cleared ground is burnt over in the United 
States, tho ashes are hardly cold before they are covered with 
a crop of fire-wccd, Senccio hicracifolius , a tall, herbaceous 
plant, very seldom seen growing under other circumstances, and 
often not to bo found for a distance of many miles from the 
clearing. Its seeds, whether tho fruit of an anciont vegetation 
or newly sown by winds or birds, require oithor a quickening 
by a heat which raises to a certain high point tho temperature 
of the stratum whore they lie buried, or a spocial pabulum fur¬ 
nished only by tho combustion of tho vegetable romains that 
cover tho ground in tho woods. 

Earth brought up from wells or other excavations soon pro 
duces a harvest of plants ofton very unlike those of tho local 
flora, and Ilayden informs us that on our great Wcstom dcsort 
plains, “ wherever tho earth is broken up, tho wild sun-flowor 
(IIelianthu8) and othors of tho taller-growing plants, though 
previously unknown in tho vicinity, at once spring up, almost 
as if spontaneous generation had taken placo.” * 

Moritz Wagner, as quoted by Wittwcr,f remarks in his de¬ 
scription of Mount Ararat: “ A singular phenomenon to which 
my guide drew my attention is tho appearance of several 
plants on tho earth-heaps loft by tho last catastrophe [an earth¬ 
quake], which grow nowhoro else on tho mountain, and had 
nover been observed in this region before. Tho seeds of theso 
plants wore probably brought by birds, and found in tho loose, 

• Geological Surrey of Wyoming, p. 453. 

f PhyeUialUchc Qcograyiiie, p. 4S0. 
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clayey soil remaining from the streams of mud, the conditions 
of growth which the other soil of the mountain refused them.” 
This is probable enough, but it is hardly less so that the flowing 
mud brought them up to the influence of air and sun, from depths 
where a previous convulsion had buried them ages before. 
Seeds of small sylvan plants, too deeply buried by successive 
layers of forest foliage and the mould resulting from its decom¬ 
position to bo reached by the plough when the trees are gone 
and the ground brought under cultivation, may, if a wiser pos¬ 
terity replants the wood which sheltered their parent stems, 
germinate and grow, after lying for generations in a state of 
suspended animation. 

Darwin says: “ On the estate of a relation there was a large 
and extremely barren heath, which had never been touched by 
the hand of man, but several hundred acres of exactly the same 
nature had been enclosed twenty-five years previously and 
planted with Scotch fir. The change in the native vegetation 
of the planted part of the heath was most remai kable—more 
than is generally seen in passing from one quite different soil 
to another; not only the proportional numbers of the heath- 
plants were wholly changed, but twelve species of plants (not 
counting grasses and sedges) flourished in the plantation which 
could not bo found on the heath.” * Had the author informed 
ns that these twolvo plants belonged to species whoso seeds 
enter into the nutriment of the birds which appeared with the 
young wood, we could easily account for their presence in the 
soil; but ho says distinctly that the birds were of insectivorous 
species, and it therefore seems more probable that the seeds had 
been deposited when an ancient forest protected the growth of 
the plants which bore them, and that they sprang up to new life 
when a return of favorable conditions awaked them from a sleep 
of centuries. Darwin indeed says that the heath “ had never 
been touched by the hand of man.” Perhaps not, after it be¬ 
came a heath; but what evidence is there to control the general 
presumption that this heath was preceded by a forest, in whose 


* Origin qf8peob9, American edition, p. 69. 
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6liado the vegetables which dropped the seeds in question might 
have grown ? * 

Although, therefore, the destruction of a wood and the re¬ 
claiming of the soil to agricultural uses suppose tho death of 
its smaller dependent flora, these revolutions do not cxcludo 
tho possibility of its resurrection. In a practical view of tho 
subject, however, we must admit that when tho woodman fells 
a tree ho sacrifices the colony of humbler growths which had 
vegetated under its protection. Some wood-plants aro known 
to possess valuable medicinal properties, and experiment may 
show that tho number of those is greater than wo now suppose. 
Few of them, however, have any other economical valuo than 

* Writors on vegetable physiology record numerous instances wburo seeds 
have grown after lying dormant for ages. Tho following cases aro montioned 
by Dr. Dwight (Trawls, it, pp. 438, 439). 

44 Tho lands [in Panton, Vermont], which have hero beon onco cultivated, 
and again permitted to lie waste for soverol years, yield a rioh and fine growth of 
hickory [Carya porcino,]. Of this wood there is not, I boliovo, a siuglo tree 
in any original forest within fifty miles from this spot Tho native growth was 
here white pine, of which I did not> seo a single stem in a wholo grove of hick¬ 
ory. 1 * 

The hickory is a walnat, bearing a fruit too heavy to be likely to bo oarried 
fifty miles by birds, and besides, I believe it is not eaten by any bird indigo- 
nous to Vermont. Wo have seen, however, on a former pa go, that birds trans¬ 
port tho nutmeg, which when fresh Is probably as hoavy as tho walnut, from 
one island of tho Indian archipelago to another. 

44 A Hold, about five miles from Northampton, on an cminenco called Hail 
Hill, woa cultivated about a century ago. Tho nativo growth horo, and in all 
tho surrounding region, was wholly oak, chestnut, eta As the field bolonged 
to my grandfather, I bad the best opportunity of learning its bistory. It con¬ 
tained about fivo acres, in the form of an irregular parallologram. As tho 
savages rendered the cultivation dangerous, it was given up. On this ground 
thoro sprang up a grove of white pines covering tho field and retaining its fig¬ 
ure oxaotly. So far as I remember, thoro was not in it a singlo oak or chestnut 
troe. . . • There was not a single pine whoso seeds wero, or, probably, had 
for ages been, sufficiently near to have been planted on this spot. Tbo fact 
that these white pines eovered this field oxaotly, so as to presorvo both its ex¬ 
tent and its figure, and that there were none in the neighborhood, are decisive 
proofs that cultivation brought up the seeds of a former forost within tho 
limits of vegetation, and gave them an opportunity to germinate.” 

See, on tho Suooession of tho Forest, Thoreau, Excursions, p. 133 si seqq. 
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that of furnishing a slender pasturage to cattle allowed to 
roam in the woods; and even this small advantage is far more 
than compensated by the mischief done to the young trees by 
browsing animals. Upon the whole, the importance of this 
class of vegetables, as physic or as food, is not such as to fur¬ 
nish a very telling popular argument for the conservation of the 
forest as a necessary means of their perpetuation. More potcut 
remedial agents may supply their place in the materia medica, 
and an acre of grass-land yields more nutriment for cattle than 
a range of a hundred acres of forest. But he whose sympathies 
with nature have taught him to feel that there is a fellowship 
between all God’s creatures; to love the brilliant ore better 
than the dull ingot, iodic silver and crystallized red copper 
better than the shillings and tho pennies forged from them by 
the coiner’s cunning; a venerable oak-tree than the brandy-cask 
whose staves are split out from its heart-wood ; a bed of ane¬ 
mones, hepaticas, or wood violets than the leeks and onions 
which he may grow on tho soil they have enriched and in tho 
air they made fragrant—he who l\as enjoyed that special train 
ing of tho heart and intellect which can be acquired only in the 
unviolated sanctuaries of nature, “ where man is distant, but 
God is near”—will not rashly assort his right to extirpate a 
tribe of harmless vegetables, barely because their products 
neither tickle his palate nor fill his pocket; and his regrot at 
the dwindling area of the forest solitude will be Augmented by 
tho reflection that the nurselings of tho woodland perish with 
the pines, the oaks, and tho beeches that sheltered them.* 

Although, as I have said in a former chapter, birds do not 
frequent the deeper recesses of the wood, yet a very large pro- 

* Quaint old Valvaeor had observed the subduing influence of nature's soli¬ 
tudes. In desoribing the lone]/ Oanker-Thal, which, though rock/, was in 
his time well wooded with 44 fir, larches, beeches and other trees,* 1 he sajs: 
14 Gladsomeness and beaut/, whioh dwell in man/ vaUe/s, mo/ not be looked 
for there. The jourae/ through it is oheerless, melanohol/, wearisome, and 
serveth to temper and mortify over-Jo/ousness of thought. ... In sum it is 
a very desert, wherein the wildness of human pride doth grow tame."—Aftrs 
tor Crain, L, p. 180, b. 
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portion of them build their nests in trees, and find in their 
foliage and branches a secure retreat from the inclemencies of 
the seasons and the pursuit of the reptiles and quadrupeds 
which prey upon them. The borders of the forests are vocal 
with song; and when the gray and dewy morning calls the 
creeping things of the earth out of their night-cells, it summons 
from the neighboring wood legions of their winged enemies, 
which swoop down upon the fields to save man’s harvests by 
devouring tho destroying worm, and surprising the lagging 
beetle in his tardy retreat to tho dark cover where he lurks 
through tho hours of daylight. 

Tho insects most injurious to tho rural industry of tho garden 
and the ploughland do not multiply in or near the woods. Tho 
locust, which ravages the East with its voracious armies, is bred 
in vast open plains which admit the full heat of the sun to 
hasten tho hatching of tho eggs, gather no moisture to destroy 
them, and harbor no bird to feed upon tho larvae.* It is only 
6ince the felling of the forests of Asia Minor and Cyreno that 
the locust has become so fearfully destructive in thoso coun¬ 
tries ; and tho grasshopper, which now threatens to bo almost 
as great a pest to tho agriculture of some North American soils, 
breeds in seriously injurious numbers only whero a wide extent 
of surface is bare of woods. 

General Functions of Forests. 

In tho preceding pages wo have seen that tho electrical and 
chemical action of tho forest, though obscure, exercises proba¬ 
bly a beneficial, certainly not an injurious, infiucnco on tho 
composition and condition of the atmosphere; that it serves as 

• Snuda, in tho government of ICiew, ha*, for some year*, not buffered at 
all from tho locusts, which formerly came every year in vast swarms, aud tho 
curenlio, 60 injurious to tho turnip crops, is less destructive thoro than in 
other parts of tho province. This improvement is owing partly to tho more 
thorough cultivation of tho soil, partly to the groves which nro interspersed 
among the ploughlands. . • • When in the midst of tho plains woods 
shall be planted and flllod with insectivorous birds, the locusts will oeaso to bo 
a plague and a terror to the farmer.— Rentzsch, Dcr Wald, pp. 45,40. 




300 


GENERAL FUNCTIONS OF FORESTS. 


a protection against the diffusion o£ miasmatic exhalations and 
malarious poisons; that it performs a most important func¬ 
tion os a mechanical shelter from blasting winds to grounds 
and crops in the Ice of it; that, as a conductor of heat, it tends to 
equalize the temperature of the earth and the air; that its dead 
products form a mantle over the surface, which protects the 
earth from excessive heat and cold; that the evaporation from 
the leaves of living trees, while it cools the air around them, 
diffuses through the atmosphere a medium which resists the 
escape of warmth from the earth by radiation, and hence that 
its general effect is to equilibrate caloric influences and mode¬ 
rate extremes of temperature. 

We have seen, further, that the forest is equally useful as a re¬ 
gulator of terrestrial and of atmospheric humidity, preventing by 
its shade the drying up of the surface by parching winds and 
the scorching rays of the sun, intercepting a part of the pre¬ 
cipitation, and pouring out a vast quantity of aqueous vapor 
into the atmosphere; that if it does not increase the amount of 
rain, it tends to equalize its distribution both in time and in 
place; that it preserves a hygrometric equilibrium in the 
suporior strata of the earth’s surface; that it maintains and 
regulates the flow of springs and rivulets; that it checks the 
superficial discharge of tho waters of precipitation and conse¬ 
quently tends to prevent the sudden rise of rivers, tho violence 
of floods, tho formation of destructive torrents, and the abrasion 
of tho surface by tho action of running water; that it impedes 
the fall of avalanches and of rocks, and destructive slides of the 
superficial strata of mountains; that it is a safeguard against 
tho breeding of locusts, and finally that it furnishes nutriment 
and shelter to many tribes of animal and of vegetable life 
which, if not necessary to man’s existence, are conducive to his 
rational enjoyment In fine, in well-wooded regions, and in 
inhabited countries where a due proportion of soil is devoted to 
tho growth of judiciously distributed forests, natural destruc¬ 
tive tendencies of all sorts are arrested or compensated, and 
man, bird, beast, fish, and vegetable alike find a constant uni- 
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formity of condition most favorable to tho regular and harmo¬ 
nious coexistence of them all. 

General Consequences of the Destruction of the Forest . 

With the extirpation of tho forest, all is changed. At one 
season, the earth parts with its warmth by radiation to an open 
sky—receives, at another, an immoderate heat from tho unob¬ 
structed rays of tho sun. Hence tho climate becomes excessive, 
and tho soil is alternately parched by tho fervors of summer, 
and seared by the rigors of winter. Bleak winds sweep unre¬ 
sisted over its surface, drift away tho snow that sheltered it 
from tho frost, and diy up its scanty moisture. Tho precipita¬ 
tion becomes as irregular as tho temperature; tho melting 
snows and vernal rains, no longer absorbed by a looso and 
bibulous vegetable mould, rush over tho frozen surface, and 
pour down tho valleys seawards, instead of filling a retentive 
bed of absorbent earth, and storing up a supply of moisture to 
feed perennial springs. Tho 6oil is bared of its covering of 
leaves, broken and loosened by the plough, deprived of the 
fibrous rootlets which hold it together, dried and pulverized by 
sun and wind, and at last exhausted by new combinations. 
Tho face of tho earth is no longer a sponge, but a dust-heap, 
and tho floods which tho waters of tho 6ky pour over it hurry 
swiftly along its slopes, carrying in suspension vast quantities 
of earthy particles which increase tiro abrading power and 
mechanical force of tho current, and, augmented by tho sand and 
gravel of falling banks, fill tho beds of tho streams, divert thorn 
into now channels, and obstruct their outlets. Tho rivulets, 
wanting their former regularity of supply and doprived of the 
protecting shade of tho woods, aro heated, evaporated, and 
thus reduced in their summer currents, but swollen to raging 
torrents in autumn and in spring. From these causes, thoro is 
a constant degradation of tho uplands, and a consequent eleva¬ 
tion of the beds of water-courses and of lakes by the deposition 
of the mineral and vegetable matter carried down by the 
waters. The channels of great rivers become unnavigablo, thoir 
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estuaries are choked up, and harbors which onco sheltered largo 
navies are shoaled by dangerous sand-bars. The earth, stripped 
of its vegetable glebe, grows less and less productive, and, con¬ 
sequently, less able to protect itself by weaving a new network 
of roots to bind its particles together, a new carpeting of turf 
to shield it from wind and sun and scouring rain. Gradually 
it becomes altogether barren. The washing of the soil from 
the mountains leaves bare ridges of sterile rock, and the rich 
organic mould which covered them, now swept down into the 
dank low grounds, promotes a luxuriance of aquatic vegetation 
that breeds ferver, and more insidious forms of mortal disease, 
by its decay, and thus the earth is rendered no longer fit for 
the habitation of man.* 

To the general truth of this sad picture there are many ex¬ 
ceptions, even in countries of excessive climates. Some of 
these are due to favorable conditions of surface, of geological 
structure, and of the distribution of rain ; in many others, the 
evil consequences of man’s improvidence have not yet been ex¬ 
perienced, only because a sufficient time has not elapsed, since 
the felling of the forest, to allow them to develop themselves. 
But the vengeance of nature for the violation of her harmonics, 
though slow, is sure, and the gradual deterioration of soil and 
climate in such exceptional regions is as certain to result from 
the destruction of the woods as is any natural effect to follow its 
cause. 


Dm Proportion of Woodland . 

Tho proportion of woodland that ought to be permanently 
piaintained for its geographical and atmospheric influences 
varies according to tho character of soil, surface, and climate. 

* Almost every narrative of travel in those oountries which were the earliest 
seats of civilization, contains evidence of the truth of these genorol statements, 
and this evidence is presented with more or less detail in most of the special 
works on the forest whioh I have occasion to cite. I may refer particularly to 
Hoiiexstexx, Der Wald, 1800, as fuU of imoortant foots on this subjeot. See 
also Oaimi, Cenni tvUa Importanxa dei Dotchi , for some statUiios, not readily 
found elsewhere, on this and other topic* oonneoted with the forest. 
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Ill countries with a humid sky, or modoratoly undulating sur¬ 
face and an equable temperature, a small extout of forest, 
enough to 6erve as a mechanical screen against the action of 
tho wind in localities where such protection is needed, suffices. 
But most of tho territory occupied by civilized man is exposed, 
by tho character of its surface and its climate, to a physical 
degradation which cannot be averted except by devoting a largo 
amount of soil to the growth of the woods. 

From an economical point of view, tho question of the due 
proportion of forest is not less complicated or less important 
than in its purely physical aspects. Of all tho raw materials 
which nature supplies for elaboration by human art, wood is 
undoubtedly the most useful, and at tho samo time tho most 
indispensable to social progress.* 

Tho demand for wood, and of course tho quantity of forest 
required to furnish it, depend upon tho supply of fuel from 
other sources, such as peat and coal, upon tho extent to which 
stone, brick, or metal can advantageously bo substituted for 
wood in building, upon the development of arts and industries 
employing wood and other forest products as materials, and 


* In an imaginary dialogue in tho Ucceptc Veritable, the author, Fulinsy, 
having expressed his indignation at tho folly of men in destroying tho woods, 
his interlocutor defends tho policy of felling them, by citing tho cxamplo of 
44 divers bishops, cardinals, priors, abbots, monkeries and chapters, which, by 
cutting their woods, have made three profits,” the salo of the timber, tho rent 
of tho ground, and the 44 good portion ” they received of tho grain grown by 
the peasants upon it. To this argument TalLsy replies: “ I cannot onough 
detest this thing, aiul I c:ill it not an error, but a curso and a calamity to all 
Franco; for when forests shall bo cut, all arts shall ccaso, and they which 
practise them shall be driven out to cat grass with Nebuchadnezzar and tho 
beasts of tho Hold. I have divers times thought to set down in writing tho 
arts which shall perish when there shall be no more wood; but whon I had 
written down a great number, I did perceive that there could be no end of my 
writing, and having diligently considered, I found there was not any which 
could be followed without wood.” . . 44 And truly I could woU allcgo to 
theo a thousand reasons, but ’tis so cheap a philosophy, that the very cliamber- 
wenches, if they do but think, may see that without wood, it is not possible 
to exerciso any manner of human art or cunning.”— (Euvrc* de Bkunaiid 
Palxssy. Paris, 1844, p. 80. 
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upon the cost of obtaining them from other countries, or upon 
their commercial value as articles of export. 

Upon the whole, taking civilized Europe and America 
together, it is probable that from twenty to twenty-five per 
cent, of well-wooded surface is indispensable for the mainte¬ 
nance of normal physical conditions, and for the supply of ma¬ 
terials so essential to every branch of human industry and every 
form of social lifo as those which compose the harvest of the 
woods. 

There is probably no country—there are few large farms 
even—where at least one-fourth of the soil is not either unfit 
for agricultural use, or so unproductive that, as pasture or 
as ploughland, it yields less pecuniary return than a thrifty 
wood. Every prairie has its sloughs where willows and poplars 
would find a fitting soil, every Eastern farm its rocky nooks and 
its barren hillsides suited to the growth of some species from 
our rich forest flora, and everywhere belts of trees might ad¬ 
vantageously be planted along the roadsides and the boundaries 
and dividing fences. In most cases, it will bo found that trees 
may be made to grow well where cultivated crops will not re¬ 
pay the outlay of tillage, and it is a very plain dictate of sound 
economy that if trees produce a better profit than the samo 
ground would return if devoted to grass or grain, the wood 
should be substituted for the field. 


Woodland in European Countries. 


In 1862 , Rentzsch calculated the proportions of woodland in 
different European countries as follows: * 


Norway,... 
Sweden.. •. 
Russia.... , 
Germany.'.., 
Belgium.... 

France.. 

Switierland, 


06 percent. 
00 41 

80.00 44 

20.58 44 

18.52 44 

10.70 44 

15 44 


•Jkr Wald, pp. 128,124 
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Sardinia. 

Neapolitan States, 

Holland. 

Spain. 

Denmark. 

Oreat Britain...., 
Portugal. 


12.20 per cent. 
0.43 •« 

7.10 44 

5.52 44 

5.50 “ 

5 “ 

4.40 44 


Tho largo proportion of woodland in Xorway and Sweden is 
in a great measure to bo ascribed to the mountainous character 
of the surface, which rondel's tho construction of roads difficult 
and expensive, and hcnco tho forests aro comparatively inac¬ 
cessible, and transportation is too costly to tempt tho inhabit¬ 
ants to sacrifice their woods for the 6ako of supplying distant 
markets. 

The industries which employ wood as a material have only 
lately been much developed in these countries, and though tho 
climate requires the consumption of much wood as a fuel, tho 
population is not numerous enough to creato, for this purpose, 
a demand exceeding the annually produced supply, or to need 
any great extension of cleared ground for agricultural purposes. 
Besides this, in many places peat is generally employed as do¬ 
mestic fuel. Hence, though Xorway has long exported a con¬ 
siderable quantity of lumber ,* and tho iron and copper works 
of Sweden consume charcoal very largely, tho forests havo not 
diminished rapidly enough to produce vory sensible climatic or 
even economical ovils. 

At the opposite end of tho scale we find Holland, Denmark, 
Great Britain, Spain, and Portugal. In tho threo first-named 
countries a cold and humid climate renders the almost con¬ 
stant maintenance of domostio fires a necessity, while in Great 


* Railway-ties, or, as they aro called in England, sleepers, aro largely ex¬ 
ported from Norway to India, and sold at Calcutta at a lower price than tim¬ 
ber of equal quality oan bo obtained from the native woods.— Report* on Forest 
Consertaney, vol. i., pt. iL, p. 1533. 

From 1601 to 1870 Norway exported annually, on tbo averngo, more than 
00,000,000 oubio feet of lumber.—' Wulfsdebo, Norge* VdstandskUdcr. Chris¬ 
tiania, 1872. 


20 
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Britain especially the demand of the various industries which 
depend on wood as a material, or on mechanical power derived 
from heat, are very great. Coal and peat servo as a combustible 
instead of wood in them all, and England imports an immense 
quantity of timber from her foreign possessions. Fortunately, 
the character of soil, surface, and climate renders the forest of 
less importance as a geographical agent in these northern re¬ 
gions than in Spain and Portugal, where all physical conditions 
concur to mako a largo extent of forest an almost indispensable 
means of industrial progress and social advancement. 

Rcntzsch, in fact, ascribes the political decadence of Spain 
almost wholly to the destruction of the forest. " Spain ” ob¬ 
serves he, “ seemed destined by her position to hold dominion 
over the world, and this in fact she once possessed. But she has 
lost her political ascendancy, because, during the feeble adminis¬ 
tration of the successors of Philip II., her exhausted treasury 
could not fnrnish the means of creating now fleets, the destruc¬ 
tion of the woods having raised the price of timber above the 
means of the state.” * On the other hand, the same writer 
argues that the wealth and prosperity of modern England are 
in great part due to the supply of lumber, as well as of other 
material for ship-building, which she imports from her colonies 


* Dcr T 7M y p. 00. Antonio Ponz ( Viage de Espafla, !., prulogo, p. Ixiii.), 
nays: “ Nor would this be bo great an evil, were not somo of thorn doclaimcrs 
against trees, thereby proclaiming themselves, in some sort, enemies of the 
works of God, who gave us the leafy abode of Paradise to dwell in, whero we 
should be evon now sojourning, but for the first sin, whioh expelled us from 
it." 

I do not know at what period the two Cosbilos were bared of their woods, 
but the Spaniard’s proverbial "hatred of a tree” is of long standing. Her¬ 
rera oombats this foolish prejudice; and Ponz, in the prologue to tho ninth 
volume of his journey, says that many carried it so far as wantonly to destroy 
tho shade and ornamental trees planted by the municipal authorities. “ Trees,” 
thoy contended, and still believe, "breed birds, and birds eat up the grain." 
Oar author argues against the supposition of the 14 breeding of birds by trees," 
whioh, he says, is as absurd as to believe that on elm-tree con yield pears; 
and he ohoritably suggests that the expression is, perhaps, a maniire da dire , 
a popular phrase, signifying simply that trees harbor birds. 
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and other countries with which sho maintains commercial rela¬ 
tions. 


Forests of Great Britain. 

The proportion of forest is very small in Great Britain, where, 
as I have said, on the one hand, a prodigious industrial activity 
requires a vast supply of ligneous material, but whore, on the 
other, the abundance of coal, which furnishes a sufficiency of 
fuel, the facility of importation of timber from abroad, and the 
conditions of climate and surface combine to reduce the neces¬ 
sary quantity of woodland to its lowest expression. 

With the exception of Russia, Denmark, and parts of Ger¬ 
many, no European countries can so well dispense with the 
forests, in their capacity of conservative influences, as England 
and Ireland. Their insular position and latitude secure an 
abundance of atmospheric moisture; the general inclination of 
surface is not such as to expose it to special injury from tor¬ 
rents, and it is probable that the most important climatic ac¬ 
tion exercised by the forest in these portions of the British em¬ 
pire, is in its character of a mechanical screen against tho effects 
of wind. Tho due proportion of woodland in England and 
Ireland is, therefore, a question not of geographical, but almost 
purely of economical, expediency, to bo decided by tho com¬ 
parative direct pecuniary return from forest-growth, pasturage, 
and ploughland. 

Contrivances for economizing fuel camo later into use in 
tho British Islands than on tho Continent. Before tho intro¬ 
duction of a system of drainage, tho soil, like tho sky, was, in 
general, charged with humidity; its natural condition w'os un¬ 
favorable for the construction and maintenance of substantial 
common roads, and tho transportation of so heavy a material 
as coal, by laud, from tho remote counties where alone it was 
mined in the Middle Ages, was costly and difficult. For all 
these reasons, the consumption of wood was large, and appre¬ 
hensions of the exhaustion of tho forests wero excited at an 
early period. Legislation there, as elsewhere, proved ineffectual 
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to protect them, and many authors of the sixteenth century ex¬ 
press fears of serious evils from the wasteful economy of the 
people in this respect. Harrison, in his curious chapter “ Of 
Woods and Marishes” in Holinshed’s compilation, complains 
of the rapid dccreaso of the forests, and adds: “ Ilowbcit thus 
much I dare affirme, that if woods go so fast to dccaie in the 
next hundred yeere of Grace, as they haue doono and are like 
to doo in this, • . . it is to be feared that the fennie 

bote, broome, turfe, gall, heath, firze, brakes, whinnes, ling, 
dies, lmseacks, flags, straw, 6cdge, lxSed, rush, and also seacole , 
will be good merchandize euen in the citie of London, where- 
unto some of them eucn now haue gotten readio passage, and 
taken vp their innes in the greatest merchants’ parlours. . . . 
I would wish that I might line no longer than to 6<5o foure 
tilings in this land reformed, that is: the want of discipline in 
the church: the couetous dealing of most of our merchants in 
the preferment of the commodities of other countries, and 
liindcrance of their owne: the holding of faires and markets 
vpon the sundaie to bo abolished and referred to the Wednes¬ 
days : and that cuerio man, in whatsoouer part of the chain- 
paine soilo cnioicth fortie acres of land, and vpwards, after that 
rate, cither by free deed, copie hold, or fee farme, might plant 
one aero of wood, or sowo the same with oko mast, hasell, beech, 
and sufficient prouision be made that it may bo cherished and 
kept. But I feare me that I should then line too long, and so 
long, that I should either be wearie of the world, or the world 
of mo.” * 


• Holinstied, reprint of 1807, L, pp. 887, 858. It is evident from this 
passage, and from another on page 807 of the same volume, that, though sea- 
coal was largely exported to the Continent, it had not yet come into general 
use in England. It is a question of much interest, when mineral coal was first 
employed in England for fuel. I can find no evidence that it was used as a 
combustible until more than a oentuxy after the Norman conquest. It has 
been said that it was known to the Anglo-Saxon population, but I am ac¬ 
quainted with no passage in the literature of that people which proves this. 
The dictionaries explain the Anglo-Saxon word grvfa by sea-cool. I have met 
with this word in no Anglo-Saxon work, exoopt in the Chron(do % A.D. 852, 
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Evelyn’s u Silva,” the first edition of which appeared in 1004, 
rendered an extremely important service to the cause of the 
woods, and there is no doubt that the ornamental plantations in 
which England far surpasses all other countries, are, in somo 
measure, the fruit of Evelyn’s enthusiasm. In England, how- 


frora a manuscript certainly not older than tho 12th century, and in two citations 
from Anglo-Saxon charters, ono published by Kemble in Codex Diploma tic us t 
tho other by Thorpo in Diplomatarium AugUcu/n , in all which passages it mero 
probably means peat than mineral coal. According to Way, Promjttorium 
Parrulorum, p. 600, note, tho Catholicoa Auglicanum hus “A turfo grafto, 
turbarium.” Grafto is hero evidently tho samo word as tho A.-S. gra>fa, 
and the Danish Torcegraf , a turf-pit, confirms this opinion. Coal is not men¬ 
tioned in King Alfred's Cede, in Neckam, in Glanvillo or in Robert of Glouces¬ 
ter, though the two latter writers speak of tho allied mineral, jot, and are very 
full in their enumeration of tho mineral productions of tho island. 

In a Latin poem ascribed to Giraldus Cumbrcusis, who died aftor tho year 
1220, but found also in the manuscripts of Wulbcr Mapcs (*co Ciundon Soeioty 
edition, pp. 131 and 360), and introduced into Higdon's Polychronicon (Lon¬ 
don, 18C5, pp. 308, 399), carlo sub terra corticc, which con mean nothing but 
pit-cool, is enumerated among the natural commodities of England. Some of 
tho translations of tho 13th and 14th century render carlo by cool or col, some 
by gold, and some omit this lino, as well as others unintelligible to tho trans¬ 
lators. Hence, although Giraldus was acquainted with coal, it certainly was 
not generally known to English writers until at least a century aftor the time 
of that author. 

Tho earliest medieval notice of mineral coal I havo met with is in a pas- 
sago cited by Duenngo from a document of tho year 1108, and it is an etymolo¬ 
gical observation of some interest, that curboncs ferrei , os eoa-coal is called in 
the document, aro said by Ducaugc to havo been known in Franco by tho popu¬ 
lar uamo of hulla, a word ovidontly identical with tho modem French houillc 
and tho Cornish Ilud, which in the form wheal is an element in tho namo of 
many mining localities. 

England was anciently remarkable for its forests, but Cscsar says it wantod 
tho fagvs and the abics. There con be no doubt that fagus means tho Leech, 
which, as the remains in the Danish poat-mosscs show, is a troo of Into intro¬ 
duction into Denmark, whero it succeeded tho fir, a treo not now nalivo to 
that country. The succession of forest crops seems to have bocn tho samo iu 
England; for Harrison, p. 359, Bpoaks of the “groat store of firro” found 
lying 44 at their whole lengths ” in tho 4 4 fens and manses ” of Lancashire and 
other counties, where not even bashes grow in his time. Wo cannot bo suro 
what species of evergreen Cccsar intended by alia. The popular designations 
of spike-leaved trees are always nure vogue and unoertain in their application 
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ever, arboriculture, the planting and nursing of singlo trees, lias, 
until comparatively recent times, been better understood than 
sylviculture, tho sowing and training of the forest. But this 
latter branch of rural improvement now receives great attention 
from private individuals, though, so far as 1 know, not from tho 


than those of brood-leaved trees. Pinut , pine, has been very loosely employed 
even in botanioal nomenclature, and Kiefer , Fichte , and Taunt are ofton con- 
founded in German.— Rossmassler, Per Wald , pp. 250, 280, 824. A similar 
confusion in the names of this family of trees exists in India. Dr. Cleghom, 
Inspector-General of the Indian Forests, informs us in his official Ciroular No. 
2, that the name of deodar is applied in some provinces to' a cypress, in somo 
to a cedar, and in others to a juniper. If it were certain that the abiee of 
Cmsar was the fir formerly and still found in poat-mosses, and that ho 
was right in denying the existence of the beech in England in his time, 
the observation would be very important, because it would fix a dato at 
which the fir had beoome extinct, aud the beech had not yet appoared in tho 
island. 

The English oak, though strong and durable, was not considered generally 
suitable for finor work in the sixteenth century. There were, however, ex¬ 
ceptions. * 4 Of all in Essex," observes Haruison, IJdimhcd , i., p. 857, “ that 
growiug in Bardfiold parke is the finest for ioiners craft: for oftentimes hauo 
I scone of their workes made of that oke so fine and faire, as most of tho 
waincNcot that is brought hither out of Dansko [Dunzig] ; for our waincscot is 
not made in England. Yet diuerso hauo assaied to dealo with our okes to 
that end, but not with so good successo as they hauo hopod, bicauso the ab or 
iuioo will not so soone be remouod and cleans drawne out, which some attri¬ 
bute to want of time in the salt water. 1 ' 

This passage is also of interest as showing that soaking in salt-water, as a 
mode of seasoning, was practised in Harrison's time. 

But the importation of wainsoot, or boards for ceiling, panelling, and other¬ 
wise finishing rooms, which was generally of oak, commenced at least three 
centuries before tho time of Harrison. On page 204 of the Liber AVbut men¬ 
tion is mado of 14 squarod oak timber," brought in from the country by carts, 
and of oourse of domestio growth, as free of city duty or octroi, and of 41 planks 
of oak" ooming in in the same way as paying one plank a cart-load. But in 
the chapter on the 44 Customs of Billyngesgato," pp. 208, 200, relating to goods 
imported from foreign countries, an import duty of one halfpenny is imposed 
on every hundred of boards called 44 weynsootte "—a term formerly applied 
only to oak—and of one penny on every hundred of boards called 44 Rygholt." 
The editor explains M Bygholt" as 44 wood of Riga." This was doubtless pine 
or fir. The year in whloh these provisions were made does not appear, but 
they belong to the reign of Henry III. 
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National Government, except in the East Indian provinces, 
where the forestal department has assumed great importance.* 

In fact, England is, I believe, tho only European country 
where private enterprise has pursued sylviculture on a really 
great scale, though admirablo examples havo been 6ct in many 
others. In England tho law of primogeniture, and other insti¬ 
tutions and national customs which tend to keep largo estates 
long undivided and in tho 6amo lino of inheritance, tho wealth 
of the landholders, the special adaptation of tho climate to tho 
growth of forest-trees, and the difficulty of finding safe and pro¬ 
fitable investments of capital, combine to afford encouragements 
for the plantation of forests, which scarcely oxist elsewhoro in 
the same degree. 

In Scotland, where tho country is for tho most part broken 
and mountainous, tho general destruction of tho forests has 
been attended with very serious evils, and it is in Scotland that 
many of the most extensive British forest plantations havo now 
been formed. But although tho inclination of surface in Scot¬ 
land is rapid, the geological constitution of tho soil is not of a 
character to promote such destructive degradation by running 
water as in Southern France, and it has not to contend with 
the parching droughts by which tho devastations of tho torrents 
arc rendered more injurious iu those provinces. 

It is difficult to understand how cither law or public opinion, in 
a country occupied by a dense and intelligent population, and, 
comparatively speaking, with an infertile soil, can tolcrato tho 


* Tho improvidonce of tho population umlcr tho nntivo and early foreign 
governments has produced great devastation* iu tho forc.sU of tho British East 
Indiau provinces, and tho demands of tho railways for fuel and timber havo 
groatly augmented tho consumption of lumber, and of courso contributed to 
tho destruction of tho woods. Tho forests of British India aro now, and for 
Bcvorol years havo boon, under tho control of on cfhciont governmental organi¬ 
sation, with groat advantage both to tho government and to tho gcnoral private 
interests of the people. 

The official Reports on Forest Conservancy from May, 1802, to August, 1871, 
in 4 vols. folio, contain much statistical and practical information on all sub¬ 
jects conncotod with tho administration of tho forest. 
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continued withdrawal of a great portion of the territory from the 
cultivation of trees and from other kinds of rural economy, 
merely to allow wealthy individuals to amuse themselves with 
field-sports. In Scotland, 2,000,000 acres, as well suited to the 
growth of forests and for pasture as is tho soil generally, are 
withhold from agriculture, that they may be given up to herds of 
deer protected by the gaino laws. A single nobleman, for ex¬ 
ample, thus appropriates for his own pleasures not less than 100,- 
000 acres.* In this way one-tenth of all the land of Scotland is 
rendered valueless in an economical point of view—for the re¬ 
turns from the sale of the venison and other game scarcely 
suffice to pay the game-keepers and other incidental expenses— 
and in those so-called forests there grows neither building tim¬ 
ber nor fire-wood worth the cutting, as the animals destroy the 
young shoots. 

Forests of France. 

The preservation of the woods was one of the wise measures 
recommended to Franco by Sully, in the time of Henry IV., 
but tho advice was little heeded, and tho destruction of the 
forests went on with such alarming rapidity, that, two genera¬ 
tions later, Colbert uttered tho prediction: “France will 
perish for want of wood.” Still, tho extent of wooded soil 
was very great, and tho evils attending its diminution were 
not so sensibly felt, that cither tho government or public opin¬ 
ion saw the necessity of authoritative interference, and in 
1750 Mirabeau estimated tho remaining forests of tho king¬ 
dom at seventeen millions of hectares [42,000,000 acres]. In 
1S60 they were reduced to eight millions [10,700,000 acres], 
or at the rate of 82,000 hectares [202,000 acres] per year. 
Troy, from whoso valuable pamphlot, fatude sur le lieloiscmcnt 
dee Montagues, I take these statistical details, supposes that 
Mirabeau’s statement may have been an extravagant one, but 
it still remains certain that the wasto has been enormous; for 


• Bobbetsov, Our Dm Forests. London, 1867. 
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it is known that, in some departments, that of Ari6go, for in¬ 
stance, clearing has gone on during the last half-century at the 
rate of three thousand acres a year, and in all parts of the 
empire trees have been felled faster than they have grown. * 
The total area of Franco in Mirabc&u’s time, excluding Savoy, 
but including Alsace and Lorraine, was about one hundred and 
thirty-ono millions of acres. The extent of forest supj>oscd by 
Mirabcau would be about thirty-two per cent, of the whole ter¬ 
ritory. In a country and a climato whoro the conservative 
influences of tho forest are so necessary as in Franco, trees 
must cover a largo surface and be grouped in largo masses, in 
order to discharge to the best advantage tho various functions 
assigned to them by nature. Tho consumption of wood is 
rapidly increasing in that empiro, and a largo part of its terri¬ 
tory is mountainous, sterile, and otherwise such in character or 
situation that it can bo more profitably devoted to tho growth 
of wood than to any agricultural use. Ilcnco it is evident that 
the proportion of forest in 1750, taking even Mirabcau’s largo 


* Among the indirect proofs of tho comparatively recent existence of exten¬ 
sive forest** in France, may l>o mentioned tho fact that wolves wero abundant, 
not very long sinco, in parts of tho empiro whoro thcro aro now neithor wolves 
nor woods to shelter thorn. Arthur Young moro than onco speaks of tho “ in¬ 
numerable multitudes” of theso animals which infc*tcd Franco in 1780, and 
Gcorgo Sand states, in tho Jlutoire do ma VU\ that somo years aftor tho res¬ 
toration of the Bourbons, thoy chased travellers on horseback in tho southern 
provinces, and literally knocked at tho doors of her fathor*in-law’s country 
soat. Eugenio do Guerin, writing from Kayssae in Languedoc in 1831 speaks 
of hearing tho wolvos fighting with dogs in tho night under hor very windows. 
Lett res , 2d ed., p. 0. 

Tlioro seems to have been a tondoncy to oxccssivo clearing in Contral and 
Western, earlier than in Southeastern, Franco. Bernard Palissy, in tho lleecpts 
V&ritul’le, first printed in 1303, thus complains: “When I consider tho value 
of tho least clump of treos, or ovon of thorns, I much marvel at tho great 
ignorance of men, who, as it soemeth, do nowadays study only to break down, 
foil, and wasto the fair forests which their forofuthors did guard bo choioely. 
I would think no evil of them for outtiug down tho woods, did thoy but ro- 
plant again somo part of them; but they caro nought for the timo to come, 
neither reck they of tho groat damage they do to thoir children w’aioh shall 
oouiq aftor them."— CSuores Computes ds Bsuxaud Palis*?, 1844, p. 88. 
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estimate, was not very much too great for permanent main¬ 
tenance, though doubtless the distribution was so unequal that 
it would have been sound policy to fell the woods and clear 
land in some provinces, while large forests should have been 
planted in others. # During the period in question Franco 
neither exported manufactured wood or rough timber, nor de¬ 
rived important collateral advantages of any sort from the de¬ 
struction of her forests. She is consequently impoverished and 
crippled to the extent of the difference between what she actu¬ 
ally possesses of wooded surface and what she ought to have 
retained, f 

The force of the various considerations which have been sug¬ 
gested in regard to the importance of the forest has been gene¬ 
rally felt in Franco, and tho subject has been amply debated in 


* The view I have token of this point is confirmed by tho careful investiga¬ 
tions of Rentzsch, who estimates the proper proportion of woodland to entire 
surface at twenty-three per cent, for the interior of Germany, and supposes 
that near the coast, whore the air is supplied with humidity by evaporation 
from tho sea, it might safely be reduced to twenty per cent. See Rcntzsch’s 
very valuable prize essay, Der Wald im JIaushalt der Natur und der Volks- 
mrthMhaft) cap. viii. 

The due proportion in France would considerably exceed that for the Ger¬ 
man States, booause Franco has relatively more surface unfit for any growth 
but that of wood, because the form and geological oharactor of hor mountains 
expose her territory to muoh greater injury from torrents, and becauso at loast 
her southern provinces are more frequently visited both by extreme droughts 
and by deluging rains. 

t In 1803, France imported lumber to the value of twenty-fivo and a half 
millions of dollars, and exported to the amount of six and a half miUions of 
dollars. The annual consumption of Franco was estimated in 1800 at 212,- 
000,000 cubio feet for budding and manufacturing, and 1,588,500,000 for fire¬ 
wood and charcoal. The annual product of the forost-soil of Franco docs not 
exceed 70,000,000 oubio feet of wood fit for industrial use, and 1,800,000,000 
eabio feet oonsumed as fuel. This estimate does not inolude the product of 
soattered trees on private grounds, but the consumption is estimated to exceed 
the production of the forests by the amount of about twenty millions of dol¬ 
lars. It is worth notioing that the timber for building and manufacturing 
produced in Fronoe oomes almost wholly from the forests of the state or of 
the oommunes.—J ules Olay*, in Rems dot Dsuco Monde* for March 1, 1800, 
p. 207. 
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special treatises, in scientific journals, and by the public press, 
as well as in the legislative body of that country. Perhaps no 
one point has been more prominent in the discussions than tho 
influence of the forest in equalizing and regulating the flow of 
the water of precipitation. Opinion is still somewhat divided 
on this subject, but the value of the woods as a safeguard against 
the ravages of torrents is universally acknowledged, and it is 
hardly disputed that the rise of rivor-lloods is, oven if as groat, at 
least less sudden in streams having their sources in well-wooded 
territory. 

Upon tho whole, the conservative action of tho woods in re¬ 
gard to torrents and to inundations has been generally recognized 
by the public of Franco as a matter of primo importance, and 
the Government of the empire has mado this principle tho basis 
of a special system of legislation for tho protection of existing 
forests, and for the formation of new. The clearing of wood¬ 
land, and tho organization and functions of a police for its pro¬ 
tection, are regulated by a law bearing date Juno ISth, 1850, 
and provision was mado for promoting the restoration of private 
woods by a statute adopted on tho 2$th of July, I860. Tho 
former of these laws passed the legislative body by a voto of 
246 against 4, tho latter with but a single negativo voice. Tho 
influence of the Government, in a country whore tho throne is 
so potent as in Franco, would account for a largo majority, but 
when it is considered that both laws, tho former especially, in¬ 
terfere vory materially with tho rights of private domain, tho 
almost entiro unanimity with which they wero adopted is proof 
of a very general popular conviction, that tho protection and 
extension of tho forests is a measure moro likely than any 
other to arrest tho devastations of tho torronts and chock tho vio¬ 
lence, if not to prevent tho recurrence, of destructive river inun¬ 
dations. Tho law of July 2Sth, 1SG0, appropriated 10,000,000 
francs, to bo expended, at tho rate of 1,000,000 francs per year, 
in executing or aiding tho replanting of woods. It is computed 
that this appropriation—which, considering the vast importance 
of the subject, docs not seem extravagant for a nation rich 
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enough to be ablo to expend annually six hundred times that 
sum in the maintenance of its military establishments in times 
of peace—will secure the creation of new forest to the extent of 
about 200,000 acres, or one fourteenth part of the soil, where the 
restoration of the woods is thought feasible, and, at the 6ame 
time, specially important as a security against the evils ascribed, 
in a great measure, to its destruction.* 

In 18G5 the Legislative Assembly passed a bill amendatory of 
the law of 1S60, providing, among other things, for securing the 
soil in exposed localities by grading, and by promoting the 
growth of grass and the formation of greensward over the sur¬ 
face. This has proved a most beneficial measure, and its adop¬ 
tion under corresponding conditions in the United States is 
most highly to be recommended. The leading features of the 
system are: 

1. Marking out and securing from pasturage and all other 
encroachments a zone along the banks and around the head of 
ravines. 

2. Turfing this zone, which in France accomplishes itself, if 
not spontaneously, at least with little aid from art. 

3. Consolidation of tho scarps of the ravines by grading and 
wattling and establishing barriers, sometimes of solid masonry, 
but generally of fascines or any other simple materials at hand, 
across the bed of tho stream. 


* la 1818 tho Government of the so-called French Republic sold to the Bunk 
of France 187,000 acres of publio forests, and notwithstanding the seal with 
which the Imperial Government had prosAod the proteotivo legislation of 1800, 
it introduced into the Legislative Assembly in 1805 a biU for the solo, and con¬ 
sequently destruction, of the forests of tho state to tho amount of ouo hundred 
million francs. The quostion was much debatod in tho Assembly, and public 
opinion manifested itself so energetically against the measure that tho ministry 
felt itself oompeUcd to withdraw it Bee the disoassions in IS Alienation da 
F*rtU de Vfitat Paris, 1808. 

The late Imperial Government sold about 170,000 aores of woodland botween 
1852 and 1800, both inolusive. The other Governments, since the restoration of 
tho Boarbone in 1814, alienated more than 700,000 acres of the publio forests, 
exclusive of salee betwoen 1830 and 1837, whioh are not reported. —Annuain 
da JSatus et ForCU % 1879, p. 0. 
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4. Cutting banquettes or narrow terraces along tlio scarps, and 
planting rows of small deciduous trees and arborescent shrubs 
upon them, alternating with bolts of grass obtained by turfing 
with 6oda or sowing grass-seeds. Planting the banquettes and 
slopes with bushes, and sowing any other vegetables with tena¬ 
cious roots, is also earnestly recommended.* 

Remedies against Torrents. 

The rural population, which in Franco is generally hostile to all 
forest laws, soon acquiesced in the adoption of this system, and its 
success has far surpassed all expectation. At the end of tho year 
1S6S about 190,000 acres had been planted with trees,f and nearly 
7,000 ucres well turfed over in tho Department of tho Ilautcs 
Alpes. Slany hundred ravines, several of which had bcon tho 
channels of formidable torrents, had been secured by barriers, 
grading and planting, and according to official roport6 tho aspect 
of the mountains in tho Department, wherever these methods 
were employed, had rapidly changed. Tho soil had acquired 
such stability that tho violent rains of 18CS, so destructive else¬ 
where, produced no damage in the districts which had been 
subjected to those operations, and numerous growing torrents 
which threatened irreparable mischief had been completely ex¬ 
tinguished, or at least rondored altogether harmless.^ 

Besides tho processes directed by tho Govommont of Franco, 


* See a description of similar processes rocommondod and adopted by Mon* 
gotti, in hia ldraulica , vol il, chap. xviL 

f Trave llers spending 1 tbo winter at Nico may have a good opportunity of 
studying tbo me;bods of forming and conducting tbo rowooding of mountain 
slopes, nndor tbo most unfavorable conditions, by visiting Mont Boron, in tbo 
immediate vicinity of that city, and other coast plantations in that province, 
wbero great difficulties have been completely overcome by the skill and por- 
severance of French foresters. Soo La Foret* da Maura, Revue da Eaux *t 
Foret*, January, 1SC0. 

X For ample details of processes and results, see tbo second volumo of Bu- 
relij, fitude stir la Torrent*, Paris, 1872, and a Report by Ds La Guys, in 
tho Revue da Faux ct Foret* for January, 18G0. 
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various subsidiary measures of an easily and economically prac¬ 
ticable character have been suggested. Among them is one 
which has long been favorably known in our Southern States 
under the name of circling^ and the adoption of which in hilly 
regions in other States is to be strongly recommended. 

It is simply a method of preventing the wash of surface by 
rains, and at the same time of providing a substitute for irriga¬ 
tion of steep pasture-grounds, consisting in little more than in 
running horizontal furrows along the hillsides, thus converting 
the scarp of the hills into a succession of small terraces which, 
when once turfed over, are very permanent. Experience is said 
to have demonstrated that this simple process at least partially 
checks the too rapid flow of surface-water into the valleys, and, 
consequently, in a great measure obviates one of the most prom¬ 
inent causes of inundations, and that it sufRces to retain the 
water of rains, of snows, and of small springs, long enough for 
the irrigation of the 6oil, thus increasing its product of herbage 
in a fivefold proportion.* 

As a further recommendation, it may be observed that this 
process is an admirable preparation of the ground for forest 
plantations, as young trees planted on the terraces would dcrivo 
a useful protection from the form of the surface and the coat¬ 
ing of turf, and would also find a soil moist enough to secure 
their growth. 

Forests of Italy. 

According to the most recent statistics, Italy has 17.64 per 
cent of woodland,f a proportion which, considering tho char¬ 
acter of climate and surface, tho great amount of soil which is 
fit for no other purpose than the growth of trees, and the fact 
that much of the land classed as forest is either very imper¬ 
fectly wooded, or covered with groves badly administered, and 
not in a state of progressive improvement, might advanta- 


# Troy, ttuds tur Is Jtsboismsnt dss Montagna , gg 0, 7, 21. 
f Seemoni, Manuals (TArts Fcmtak, 2 sdia, Firenxe, 1872, p. 542. 
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geously be doubled. Taking Italy as a whole, wo may say that 
she is eminently fitted by climate, soil, and superficial forma¬ 
tion, to the growth of a varied and luxuriant arboreal vegeta¬ 
tion, and that in the interests of self-protection, the promotion of 
forestal industry is among the first duties of her people. There 
are in Western Piedmont valleys where the felling of the woods 
has produced consequences geographically and economically as 
disastrous as in South-eastern France, and there are many other 
districts in the Alps and the Apennines where human improvi¬ 
dence has been almost equally destructive. Some of these regions 
must bo abandoned to absolute desolation, and for others the 
opportunity of physical restoration is rapidly passing away. 
But there are still millions of square miles which might profit¬ 
ably be planted with forest-trees, and thousands of acres of 
parched and barren hillside, within sight of almost every Italian 
provincial capital, which might easily and shortly bo roclothod 
with verdant woods. 1 * 

The denudation of the Central and Southern Apennines and 
of the Italian declivity of the Western Alps began at a period 
of unknown antiquity, but it docs not seem to havo been car¬ 
ried to a very dangerous length until the foreign conquests and 
extended commerce of Romo created a greatly increased do- 


* To ono accustomed to the slow vegetation of less favored cHmos, tho ra¬ 
pidity of growth in young plantations in Italy seems almost magical. Tho trocs 
planted along tho now drives and. avenues iu Florcuco havo attained in throe 
or four years a development which would require at least ton in our Northom 
Statoo. This, it is true, is a special caso, for tho treos have been planted and 
tended with a skill and caro which cannot bo bestowed npon a forest; but tho 
growth of trocs little cared for is stUl very rapid in Italy. Acooxding to Toa- 
canolli, Economia runtlo ruUa P roc incut di Pisa , p. 8, note —one of tho most 
complete, curious, and instructive pictures of rural life which exists in any 
literature—the white poplar, Pop ulus alba, attains in tho valley of tho Serohioa 
groat height, with a mean diameter of two feet, in twonty years. Solmi states 
in his Miasma Palustre, p. 115, that the linden reaches a diameter of sixteen 
inches in the same period. Tho growth of foreign trees is sometimes extremely 
luxuriant in Italy. Two Atlas cedars, at the well-known villa of Caroggi, near 
Florcnco, grown from seed sown in 1850, measure twenty inches in diametor, 
above the swoll of the roots, with an estimated height of sixty foot. 
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inaml for wood for the construction of ships and for military 
material.* The Eastern Alps, the Western Apennines, and the 
Maritime Alps retained their forests much later; but even here 
the want of wood, and the injury to the plains and the naviga¬ 
tion of the rivers by sediment brought down by the torrents, 
led to legislation for the protection of the forests, by the 
Republic of Venice, at various periods between the fifteenth and 
the nineteenth centuries,f by that of Genoa as early at least a9 
the seventeenth; and both these Governments, as well as several 
others, passed laws requiring the proprietors of mountain-lands 
to replant the woods. These, however, seem to have been little 


* An interesting example of the collateral effocts of the destruction of the 
forests in undent Italy may bo found in old Roman architecture. In the 
oldost brick constructions of Rome the bricks are very thin, very thoroughly 
burnt, and laid with a thick stratum of mortar between tho courses. A few 
centuries later tho bricks were thicker and loss well burnt, and tho layers of 
mortar were thinner. In the Imperial period the bricks were still thicker, 
generally soft-burnt, and with lifctlo mortar between the courses. This fact, 
I think, is due to the abundance aud cheapness of fuel in earlier, and its 
growing scarceness and dearness in later, ages. When wood cost little, con¬ 
structors could afford to bum their brick thoroughly, and to bum and use a 
great quantity of lime. As tho price of firo-wood advanced, they wero ablo 
to consumo less fuel in brick- and limo-kilns, and the quality and quantity of 
brick and limo used in building wero gradually rovorsod in proportion. 

The multitude of geographical designations in Italy which indicate tho 
former existence of forests Bhow that oven in the Middle Agos there wero 
woods where no forest-trees are now to bo found. There aro hundreds of names 
of mcdiroval towns dorived from abrle, aecro , earpino , castagno, faggio, fnmino % 
pino , qucrcia , and other names of troos. 

fSooA. do Berenger’s valuable Saggio Storico della LvgUilazione Vcneta 
Forest ale, Venezia, 1803. 

Wo do not find in tho Venetian forostal legislation much evidence that geo¬ 
graphical arguments were takon into aooount by the lawgivers, who socm to 
have had an eye only to economical considerations. 

Acoording to Hummel, tho desolation of the Karst, the high plateau lying 
north of Trieste, now one of the most parohed and barren districts in Europe, 
is owing to tho felling of its woods, centuries ago, to build the navies of Vonice. 
“ Where tho miserable peasant of the Karst now soes nothing but bare rock 
swept and scoured by the raging Bora, the fury of this wind was onoo subdued 
by mighty firs, which Venioe recklessly oat down to build her fleets.”— Phy~ 
eitehe Geographies p. 82 . 
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observed, and it is generally trno that the present condition of 
the forest in Italy is much less duo to tlio want of wise legisla¬ 
tion for its protection than to the laxity of the Governments in 
enforcing their laws. 

It is very common in Italy to ascribe to tho French occupa¬ 
tion under tho first Empire all tho improvements and all the 
abuses of recent times, according to the political sympathies of 
the individual; and the French are often said to have prostra¬ 
ted every forest which has disappeared within this century. 
But, however this may he, no energetic system of repression 
or restoration was adopted by any of tho Italian States after the 
downfall of tho Empire, and tho taxes on forest property in 
some of them were so burdensome that rural municipalities 
sometimes proposed to cede their common woods to tho Gov¬ 
ernment, without any other compensation than the remission of 
tho taxes imposed on forest-lauds.* Under such circumstances, 
woodlands would soon become disafforested, and whore facili¬ 
ties of transportation and a good demand for timber liavo in¬ 
creased tho inducements to fell it, ns upon tho borders of the 
Mediterranean, tho destruction of the forest and all tho evils 
which attend it have gone on at a seriously alarming rnto. 

Gallcnga gives a striking account of tho wanton destruction 
of tho forests in Northern Italy within hi* personal recollect ion ,f 
and there are few Italians past middle life whoso own memory 
will not supply similar reminiscences. Tho clearing of tho 
mountain valleys of tho provinces of Bergamo and of Brescia is 
recent, and Lombardini informs us the felling of tho woods in 
tho Valtelline commenced little more than forty years ago. 

Although no country has produced more able writers on tho 

* Sco tho Pditetnico for tho month of May, 1$02, p. 231 

t “Far away in tho darkest recesses of tho mountains a kind of universal 
conspiracy scorns to havo been got up among theso Alpino pooplo,— a destruc¬ 
tive mania to hew and swoop down everything that stands on roots."— Country 
Lift in PitdhiouU p. 134. 

Tiioro aro huge pyramids of mountains now bare and bleak from boso to. 
summit, which men still living and still young remember soeing richly man¬ 
tled with all but primeval forests."—i&ft/., p. 133. 

21 
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value of tho forest ami the general consequences of its destruc¬ 
tion than Italy, yet the specific geograpliical importance of tho 
woods, except as a protection against inundations, has not 
been so clearly recognized in that country as in tho States bor¬ 
dering it on the north and west. It is true that tho face 
of nature has been as completely revolutionized by man, and 
that the action of torrents has created almost as wide and as 
hopeless devastation in Italy as in Franco; but in tho French 
Empire tho recent desolation produced by clearing tho forests 
is more extensive, has been more suddenly effected, has occurred 
in less remote and obscure localities, and, therefore, excites a 
livelier and more general interest than in Italy, whore public 
•opinion does not so readily connect tho effect with its true cause. 
Italy, too, from ancient habit, employs little wood in architec¬ 
tural construction; for generations she has maintained no 
military or commercial marine largo enough to require ex¬ 
haustive quantities of timber,* and the mildness of her climate 
makes small demands on the woods for fuel. Besides these 
circumstances, it must bo remembered that the sciences of obser¬ 
vation did not become knowledges of practical application till 
after the mischief was already mainly done and even forgotten 
in Alpine Italy, while its evils were just beginning to be sensibly 
felt in Franco when the claims of natural philosophy as a liberal 
study were first acknowledged in modern Europe. Tho former 
political condition of tho Italian Peninsula would havo effectu¬ 
ally prevented tho adoption of a general system of forest econo- 

* The groat naval and commercial marines of Venice and of Genoa must 
havo occasioned an immense consumption of lumber in the Middle Agos, and 
the cpnturios immediately succeeding those commonly embraced in that desig¬ 
nation. Tho marino construction of that period omployod larger timbors than 
the modern naval architecture of most commercial countries, but apparently 
without a proportional increase of strength. The old modes of ship-lmilding 
have been, to a considerable extent, handed down to very reoent times in the 
Mediterranean* and though better models and modes of construction are now 
employed in Italian shipyards, on American or an Englishman looks with aston¬ 
ishment at the huge beams and thick planks so often employed in the con¬ 
struction of very small vessels navigating that tea, and not yet old enough to 
ho broken up os unseaworthy. 
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my, however clearly the importance of a wise administration of 
this great public interest might have been understood. Tho 
woods which controlled and regulated tho flow of tho river- 
sources were very often in one jurisdiction, tho plains to be 
irrigated, or to be inundated by floods and desolated by tor¬ 
rents, in another. Concert of action, on such a subject, between 
a multitude of jealous petty sovereignties, was obviously impos¬ 
sible, and nothing but the permanent union of all tho Italian 
States under a single government can render practicable tho 
establishment of such arrangements for tho conservation and 
restoration of tho forests, and the regulation of tho flow of tho 
waters, as are necessary for tho full development of tho yet 
unexhausted resources of that fairest of lands, and oven for the 
maintenance of tho present condition of its physical geography. 

The Forest* of Germany . 

Germany, including a considerable part of the Austrian 
Empire, from character of surface and climate, and from tho 
attention which has long been paid in all tho German States to 
sylviculture, is in a far better condition in this respect than its 
more southern neighbors; and though in tho Alpine provinces 
of Bavaria and Austria tho samo improvidence which marks 
tho rural economy of tho corresponding districts of Switzerland, 
Italy, and France, has produced effects hardly lcs9 disastrous, # 

* As on inBtanco of tho scarcity of fuel in tomo parts of tho territory of 
Bavaria, whero, not long sinoo, wood abounded, I may mention tho foot that 
tho water of salt-springs is, in some instances, convoyed to tho dislonoe of 
sixty miles, in iron pipes, to roach a supply of fuel for boiling it down. 

In Franco, tho juico of tho sugar-beet is somethnos carried threo or four 
ttilc8in pipes for the same reason. 

Many of my roaders may remember that it was not long ago proposod to 
manufacture tho gas for tho supply of London at tho mouths of the ooal- 
mines, and convey it to tho city in pipes, thus saving tho transportation of tho 
ooal; but as the coko and miueml tar would still liavo remained to bo dis¬ 
posed of, tho operation would probably not have provod advantageous. 

Great economy in tho production of petroleum has resulted from the appli¬ 
cation of oast-iron tubes to the wells, instead of barrels; the oil is thus carried 
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yet, as a whole, the German States, as Sieraoni well observes, 
must be considered as in this respect the model countries of 
Europe. Not only is the forest area in general maintained 
without diminution, but new woods are planted where they are 
specially needed, # and, though the slow growth of forest-trees in 
those climates reduces the direct pecuniary returns of woodlands 
to a minimum, tho governments wisely persevere in encouraging 
this industry. The exportation of sawn lumber from Trieste is 
large, and in fact the Turkish and Egyptian markets are in 
great part supplied from this source.! 


Forests of Russia. 

Russia, which we habitually consider a6 substantially a forest 
country—which has in fact a large proportion of woodland —is 
beginning to suffer seriously for want of wood. Jourdicr 
observes: “ Instead of a vast territory with immense forests, 
which wo expect to meet, one sees only scattered groves thinned 
by the wind or by the axe of the moujtfe, grounds cut over and 
more or less recently cleared for cultivation. Thoro is probably 
not a single district in Russia which has not to deplore the 
ravages of mail or of fire, those two great enemies of Muscovite 
sylviculture. This is so true, that clear-sighted men already 
foresee a crisis which will become terrible, unless tho discovery 


over the various inequalities of surface for three or four miles to the tanks on 
the railroads, and foroed into them by steam-engines. The prioe of transport 
is thus reduood one-fifth. 

* The Austrian Government is making energetio efforts for the propagation 
of forests on the desolate waste of the Karst. The difficulties from drought 
and from the violenoe of the winds, whioh might prove fatal to young and 
even to somewhat advanoed plantations, are very serious, but in 1800 upwards 
of 400,000 trees hod been planted and great quantities of seods sown. Thus 
far, the results of this important experiment ore said to be encouraging. See 
the Ohroniqus Forutifre in the Revus de « Earn et ForiU^ Feb. 1870. 

t For information respecting the forests of Germany, as wcU as other 
European oountrles, see, besides the works already dted, the very valuable 
Manuals SArU FarmUtk of Siemoni, fide edition#, Firease, 18791 




FORESTS OF RUSSIA. 325 

of great deposits of some new combustible, as pit-coal or anthra¬ 
cite, shall diminish its evils.” * 

* Clav£, 1Etudes tur V/^onomie Forcstuire y p. 201. Clav6 adds (p. 202): 
“ The Russian forests are very unequally distributed through the territory of 
this vast empire. In the north thoy form immense masses, and oovor whole 
provinces, while in the south they are so oomplctoly wanting that the inhabit¬ 
ants have no other fuel than straw, dung, rushes, and heath . n . . , “At 
Moscow, firewood costs thirty per cent more than at Paris, while, at the dis¬ 
tance of a few leagues, it sells for a tenth of that price.” 

This state of things is partly due to the want of facilities of transportation, 
and some parts of the United Statos are in a similar condition. During a 
severe winter, ten or twelve years ago, the sudden freozing of the canals and 
rivers, before a large American town had received its usual supply of fuol, 
occasioned an enormous riso in tho price of wood and coal, and the poor 
suffered severely for want of it. Within a few hours of the city were largo 
forests and an abundant stock of firewood felled and prepared for burning. 
This might easily have been carried to town by the railroads which passed 
through the woods; but tho managers of tho roads refusod to roooivo it as 
freight, because a rival market for wood might raiso tho prioo of the fuol 
thoy employed for their locomotives. Truly, our mil ways “ want a master.'• 

Ilohenstoin, who was long professionally employed as a forester in Russia, 
describes tho consequences of tho general war upon, tho woods in that country 
as already most disastrous, and as threatening still more ruinous evils. The 
river Volga, tho life artery of Russian internal commerce, is drying up from 
this cause, and the great Muscovite plains are fast advancing to a desolation 
like that of Persia.— Dcr W*/M t p. 223. 

The level of tho Caspian Sea is eighty-threo feet lowor than that of tho So* 
of Azoff, and tho surface of Lake Aral is fast sinking. Von Baor maintains 
that the depression of the Caspian was produced by a suddon subsidence, 
from geological causes, and not gradually by excess of evaporation over sup¬ 
ply. See J{u*}rische Station, p. 2.>. But this subsidence diminished tho area 
and consequently the evaporation of that sea, and tho rivers which ouco main¬ 
tained its ancient equilibrium ought t6 havo raised it to its formor lovol, if 
their own flow had not boon diminished. It is, indoed, not proved that tho lay¬ 
ing bare of a wooded oountry diminishes the total annual precipitation upon 
it; but it is certain that the summer delivery of wator from the surface of a 
champaign region, like that through which tho Volga, its tributaries, and the 
fccdors of Lake Aral, flow, is lessened by the removal of its woods. Henoo, 
though as muoh rain may still fall in the valleys of those rivors as when their 
whole surface was ooverod with forests, more moisturo may be oarried off by 
evaporation, and a less quantity of wator be discharged by t rivors since 
their basins wore cleared, and therefore the present condition of the inland 
waters in question may be due to the removal of the forests in their valleys 
and the adjacent plains. 
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Forests of United States. 

I greatly doubt whether any one of the American States, ex¬ 
cept, perhaps, Oregon, has, at this moment, more woodland than 
it ought permanently to preserve, though, no doubt, a different 
distribution of the forests in all of them might bo highly ad¬ 
vantageous. It is, perhaps, a misfortune to the American Union 
that the State Governments have so generally disposed of their 
original domain to private citizens. It is true that public pro¬ 
perty is not sufficiently respected in the United States; and 
within the memory of almost every man of mature age, timber 
was of so little value in the northernmost States that the own- 
era of private woodlands submitted, almost without complaint, 
to what would be regarded elsewhere as very aggravated tres¬ 
passes upon them.* Persons in want of timber helped them¬ 
selves to it wherever they could fiud it, and a claim for dam¬ 
ages, for so insignificant a wrong as cutting down and carrying off 
a few pine or oak trees, was regarded as a mean-spirited act in 
a proprietor. The habits formed at this period are not alto¬ 
gether obsolete, and even now the notion of a common right of 
property in the woods 6till lingors, if not as an opinion at least 
as a sentiment. Under such circumstances it has been difficult 
to protect the forest, whether it belong to the State or to indi- 

* According to the maxims of English jurisprudence, the common law con¬ 
sists of general customs bo long established that 14 the memory of man runneth 
not to the contrary.” In other words, long custom makes law. In new ooun- 
trios, the change of ciroumstancos orcatcs new customs, and, in time, now 
law, without the aid of legislation. Had the American colonists obsorvod a 
more sparing economy in the treatment of their woods, a new code of custom¬ 
ary forest-law would have sprung up and aoquirod the foroo of astatuto. 
Popular habit was fast elaborating the fundamental principles of such a code, 
when the rapid Inorease in the value of timber, in oonsoquonce of the rookless 
devastation of the woodlands, made it the interest of the proprietors to inter¬ 
fere with this incipient system of forest jurisprudence, and appeal to the rules 
of English law for the protection of their woods. The oourts have sustained 
these appeals, and forest property is now legally aa inviolable os any other, 
though oommon opinion still oombats the oourse of judicial dodsion on such 
questions. 
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viduals. Property of this kind is subject to plunder, as woll as 
to frccpiont damage by fire. The destruction from tliese causes 
would, indeed, considerably lessen, but would by no means 
wholly annihilate the climatic and geographical influences of 
the forest, or ruinously diminish its value as a regular sourco of 
supply of fuel and timber. 

It is evidently a matter of the utmost importance that the 
public, and especially land-owners, be roused to a sense of the 
dangers to which the indiscriminate clearing of tho woods may 
expose not only future generations, but the very soil itself. 
Some of the American States, as woll as tho Governments of 
many European colonics, still retain the ownership of groat 
tracts of primitive woodland. Tho State of New York, for ex¬ 
ample, has, in its north-eastern counties, a vast extent of terri¬ 
tory in which tho lumberman has only hero and there estab¬ 
lished his camp, and where tho forest, though interspersed with 
permanent settlements, robbed of some of its finest pine groves, 
and often ravaged by devastating fires, still covors far tho lar¬ 
gest proportion of tho surface. Through this territory tho 6oil 
is generally poor, and even tho now clearings have little of tho 
luxuriance of harvest which distinguishes them olsowhoro. 
Tho value of the land for agricultural uses is therefore very 
small, and few purchases are made for any other purpose than 
to strip tho soil of its timber. It has been often proposed that 
tho State should declare the remaining forest tho inalienable 
property of the commonwealth, but I boliovo tho motivo of tho 
suggestion has originated rather in poetical than in economical 
views of the subject. 13oth these classes of considerations have 
a real worth. It is desirable that some largo and easily access¬ 
ible region of American 6oil should remain, os far as possible, 
in its primitive condition, at once a museum for tho instruction 
of tho student, a garden for tho recreation of tho lover of na- 
turo, and an asylum where indigenous tree, and humblo plant 
that loves tho shade, and fish and fowl and four-footed bou*t, 
may dwell and perpetuato their kind, in the enjoyment of such 
imperfect protection as tho laws of a people jealous of rcstralut 
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can afford them. The immediate loss to the public treasury 
from the adoption of this policy would be inconsiderable, for 
these lauds are sold at low rates. The forest alone, economi¬ 
cally managed, would, without injury, and oven with benefit to 
its permanence and growth, soon yield a regular income larger 
than the present value of the fee. 

The collateral advantages of the preservation of these forests 
would be far greater. Nature threw up those mountains and 
clothed them with lofty woods, that they might serve as a reser¬ 
voir to supply with perennial waters the thousand rivers and 
rills that are fed by the rains and snows of the Adirondack?, 
and as a screen for the fertilo plains of the central counties 
against the chilling blasts of the north wind, which meet no 
other barrier in their sweep from the Arctic polo. The climate 
of Northern New York oven now presonts greater extremes of 
temperature thau that of Southern Franco. The long-contin¬ 
ued cold of winter is more intense, the short heats of summer 
even fiercer than in Provence, and hence tho preservation of 
every iniluenco that tends to maintain an equilibrium of tempe¬ 
rature and humidity is of cardinal importance. Tho felling of 
tho Adirondack woods would ultimately involve for Northern 
and Central New York consequences similar to those which have 
resulted from tho laying bare of the southern and westoru de¬ 
clivities of the French Alps and the spurs, ridges, and detached 
peaks in front of them. 

It is true that the evils to bo apprehended from tho clearing 
of the mountains of New York may be less in degree than 
those which & similar cause has produced in Southern France, 
where the intensity of its action has been increased by tho 
inclination of the mountain declivities, and by the peculiar 
geological constitution of tho earth. The degradation of tho 
soil is, perhaps, not equally promoted by a combination of the 
samo circumstances, iu any of the American Atlautic States, 
but still they have rapid slopes and loose and friable 6oils 
enough to render widespread desolation certain, if the further 
destruction of the woods is not soon arrested. The effects of 
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clearing arc already perceptible in the comparatively nnvio¬ 
lated region of which I am speaking. The rivers which rise 
in it flow with diminished currents in dry seasons, and with 
augmented volumes of water after heavy rains. They bring 
down larger quantities of sediment, and tho increasing ob¬ 
structions to the navigation of tho Hudson, which arc extend¬ 
ing themselves down tho channel in proportion as tho fields aro 
encroaching upon tho forest, give good grounds for the. fear of 
irreparable injury to tho commerce of the important towns on 
tho upper waters of that river, unless measures aro taken to 
prevent tho expansion of “ improvements ” which have already 
been carried beyond tho demands of a wise economy. 

In tho Eastern United States the general character of tho 
climate, soil, and surface is such, that for tho formation of very 
destructive torrents a much longer timo is required than would 
bo necessary in tho mountainous provinces of Italy or of Franco. 
Hut tho work of desolation has begun oven tlserc, and wher¬ 
ever a rapid mountain-slopo has been stripped of wood, incipi¬ 
ent ravines already plough tho surface, and collect tho pre¬ 
cipitation in channels which threaten serious mischief in tho 
future. There is a peculiar action of this sort on the sandy sur- 
faco of pine-forests and in other soils that unite readily witli 
water, which lias excited the attention of geographers and 
geologists. Soils of tho first kind arc found in all tho Eastern 
States; those of the second are more frequent in the exhausted 
counties of Maryland, where tobacco is cultivated, and in tho 
more southern territories of Georgia and Alabama. In tlieso 
localities tho ravines which appear after the cutting of tho forest, 
through some accidental disturbance of tho surface, or, in somo 
formations, through tho cracking of tho soil in consequence of 
great drought or heat, enlarge and oxtond themselves with fear¬ 
ful rapidity. 

In Georgia and in Alabama, Lycll saw “ tho beginning of tho 
formation of hundreds of valleys in places wlioro the primitive 
forest had boon recently cut down.” Ono of these, in Georgia, 
in a soil composed of clay and sand produced by the decompo- 
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sition in situ of homblcndic gneiss with layers and veins of 
quartz, “and which did not exist before the felling of the 
forest twenty years previous,” he describes as more than 55 feet 
in depth, 300 yards in length, and from 20 to ISO feet in 
breadth. Our author refors to other cases in the same States, 
44 where the cutting down of the trees, which had prevented the 
min from collecting into torrents and running off in sudden 
land-floods, has given rise to rAvines from 70 to 80 feet deep.” * 

Similar results ofton follow in the North-eastern States from 
cutting the timber on the 44 pine plains,” where the soil is usually 
of a sandy composition and loose texture. 

American Forest-Trees . 

The remaining forosts of the Northern States and of Canada 
no longer boast the mighty pines which almost rivalled the 
gigantic sequoia and redwood of California; and tho growth 
of the larger forest-trees is 60 slow, after they have attained t<» 
a certain size, that if every pine and oak were spared for two 
centuries, the largest now standing would not reach tho stature 
of hundreds recorded to have been cut within two or three 
generations.! Dr. Williams, who wrote about sixty years ago, 

• Lyell, Principle* of Geology, 10th ed., rol. L, 845-0. 

f Tho growth of tho white plno, on a good soil and in opon ground. U 
rather rapid until it reaches the diameter of a couple of feet, after which it 
is much slower. The favorite habitat of this treo is light, sandy oarth. On 
this soU, and in a dense wood, it requires a century to attain the diameter of 
a ya d. Emerson ( Tree* of Massachuaott*, p. 05), says that a pino of this 
•i>ecIoM, noar Farts, •• thirty years planted, is eighty foot high, with a diameter 
of three feet." He also states that ton white pines planted at Cambridge, 
Massuohusotts, in 1800 or 1810, exhibited, in tho winter of 1841 and 1842, an 
average of twenty inohes diameter at tho ground, the two largost measuring, 
at tho hoighb of throo foot, four foot eight inohos in oircumforenoo; and ho 
mentions another pine growing in a rooky swamp, wbioh, at the age of thirty- 
two years, “gave seven feet in oiroumferonoe at tho but, with a hoight of 
sixty-two feet six inohes." This latter I suppose to be a seedling, the others 
tMh*\Aanted trees, whioh might have been tome years old when plooed whore 
they finally grew. 

The following oase oame under my own observation: In 1824 a pine-tree, 
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states tho following as the dimensions of “ such trees as aro 
esteemed large ones of their kind in that part of America ” 
[Vermont], qualifying his account with tho remark that his 
measurements 44 do not denote the greatest which nature has 
produced of their particular species, but the greatest which are 
to be found in most of our towns.” 


Diamotor. Height, 

Pine.C foot, 247 feet. 

Muplo.5 “ 0 indies, ' 

Buttonwood. 5 44 0 44 

Elm. G 44 

Hemlock. 4 44 0 44 

. 4 u From 100 to 200 feet. 

Basswood.4 44 

Ash.4 44 

Birch.4 44 


Tie adds a note saying that a white pino was cut in Dun¬ 
stable, New Hampshire, in tho year 1730, tho diameter of 
which was 6oven feet and eight inches. Dr. Dwight says that 
a fallen pine in Connecticut was found to measure two him- 


so sraoU that a young lady, with tho kolp of a lad, took it up from the ground 
and carried it a quarter of a milo, was planted near a house iu a town in 
Vermont. It was occasionally watered, but received no othor apodal treat- 
mont. I moasurod this troo in 1800, and found it, at four feet from the 
ground, and entirely abovo tho spread of tho roots, two foot and four inehos 
iu diameter. A now measurement in 1871 gavo a diamotor of two foot olght 
inches, being an inoroaso of four inches iu elovon yearn, a slowor rato than 
that of prooodlng yearn. It could not havo been uioro than throo inches 
through when transplanted, and up to 1800 must havo increased its diamotor 
at tho rato of about soven-tcaths of au luoh per year, almost doublo its lator 
growth. In 1871 tho crown had a diameter of 03 feet. 

In tho same neighborhood, elms transplanted in 1803, whon they wero not 
abovo throo or four Inches through, hud attained, In 1871, a diamotor of from 
four foot to four foot two inches, with a spread of crown of from 00 to 113- 
foot. Sugar-maples, transplanted In 1833, at about tho snmo sfoo, moasurod 
two foot threo inches through. This growth undoubtedly oonsidorably ex¬ 
ceeds that of troos of tho same spooios in the natural forest, though tho 
transplanted trees had rcoeived no othor fertilising application than an un¬ 
limited supply of light and air. 
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dred and forty-seven feet in height} and adds: " A few years 
since, such trees were in great number along the northern 
parts of Connecticut River.” In another letter, ho speaks of 
tlio white pine as “ frequently six feet in diameter, and two 
hundred and fifty feet in height,” and states that a pine had 
been cut in Lancaster, New Hampshire, which measured two 
hundred and sixty-four feet Emerson wrote in 1846: " Fifty 
years ago, several trees growing on rather dry land in Bland- 
ford, Massachusetts, measured, after they were felled, two hun¬ 
dred and twenty-three feet.” All these trees are surpassed by 
a pine felled at Hanover, New Hampshire, about a hundred 
years ago, and described as measuring two hundred and seventy- 
four feet.* These descriptions, it will be noticed, apply to 
trees cut from seventy to one hundred and forty years since. 

Persons, whom observation has rendered familiar with the 
present character of the American forest, will be struck with 
the smallness of the diameter which Dr. Williams and Dr. 
Dwight ascribe to trees of such extraordinary height. Indi¬ 
viduals of the several species mentioned in Dr. Williams’s table 
are now hardly to be found in the same climate, exceeding 
one-half or at most two-thirds of the height which he assigns 
to them; but, except in the case of the oak and the pine, the 
diameter stated by him would not bo thought very extraordi¬ 
nary in trees of far less height, now standing. Even in the 
species I have excepted, those diameters, with half the heights 
of Dr. Williams, might perhaps bo paralleled at the present 
time; and many elms, transplanted, at a diameter of six inches, 
within the memory of persons still living, measure four and 
sometimes even five feet through. For this change in the 
growth of forest-trees there are two reasons: the ono is, that 
the great commercial value of the pine and the oak havo caused 
the destruction of all the best—that is, the tallest and straight- 
est—specimens of both; the other, that the thinning of the 

* Williams, History of Vermont, 1L, p. 03. Dwight’s Travels, iv., p. 31, 
and lit, p. 86 . Emkbbon, Trees of IfaeeaehueeUe , p. 61. Parish, Life of 
President Whedoek , p. 66. 
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woods by the axe of the lumberman has allowed the access of 
light and heat and air to trees of humbler worth and lower 
stature, which have survived their more towering brethren. 
These, consequently, have beeu able to expand their crowns 
and swell their stems to a degree not possible so long os they 
were overshadowed and stifled by the lordly oak and pine. 
While, therefore, the Now England forester must search long 
before ho finds a pine 


fit to be tho roaftt 
Of somo great ammiral, 

beeches and elms and birches, as sturdy as tho mightiest of 
their progenitors, are still no rarity.* 

California fortunately still preserves her magnifieont se¬ 
quoias, which rise to tho height of three hundred feet, and 


* Tho forcat-trecs of tho Northern States do not attain to extreme longevity 
in tlio cImijho wood*. Dr. William* found that nono of tho hugo pine*, tho ago 
of which ho ascertained, exceeded threo hundred and fifty or four hundred 
year*, though ho quotes a friend who thought ho had noticed tree* consider¬ 
ably older. Tho oak lives longer than tho pine, and tho homlock-spruoo it 
perhaps equally long lived. A tree of this latter apacics, cut within my knowl¬ 
edge in a thick wood, counted four hundred and eighty-six, or, according to 
another observer, fivo hundred annual circles. 

Orcat luxurianco of animal aud vegetable production 1* not commonly ac¬ 
companied by long duration of tho individual. The oldcnt men aro not found 
in tho crowded city; and in tho tropics, whero lifo is prolific and precocious, 
it is also short Tho most ancient forest-trees of which wo havo accounts 
havo not been thoso growing iu thick woods, but isolated speoimons, with uo 
taller neighbor to iuterccpt tho light and heat and air, and no rival to sharo 
the nutrimont afforded by tho soil. 

Tho moro rapid growth and greater dimensions of trees standing near tho 
boundary of tho forost, are matters of familiar observation. “ Long experi¬ 
ence has shown that trees growing on tho ooufincs of tho wood may bo out at 
sixty years of age as advantageously as others of tho samo spccios, reared in 
the depth of the forest, at a hundred and twenty. We havo often remarked, 
In our Alps, that tho trunk of trees upon tho border ef a grove is most de¬ 
veloped or enlarged upon the outor or open sido, whoro tho branohos extend 
themselves farthest, while the concentrio circles of growth aro most uniform 
in those entirely surrounded by other trees, or standing entirely alone.* 1 —A. 
and G. Villa, Nocmitd dot Bosch i, pp. 17,1^. 
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sometimes, as we are assured, even to three hundred and sixty 
and four hundred feet, and she has also pines and cedars of 
scarcely inferior dimensions. The public being now convinced 
of the importance of preserving these colossal trees, it is very 
probable that the fear of their total destruction may prove 
groundless, and wo may still hope that some of them may 
survive even till that distant future when the skill of the forester 
shall have raised from their seeds a progeny as lofty and as 
majestic as those which now exist.* 

European and American Trees compared. 

The woods of North America are strikingly distinguished 
from those of Europe by the vastly greater variety of species 
they contain. According to Clavd, there are in “Franco and 
in most parts of Europe only about twenty forest-trees, live 
or six of which are spike-leaved and resinous, tho remainder 
broad-leaved.” f Our author, however, doubtless means genera, 
though he uses the word especes . Rossiniissler enumerates fifty- 
seven species of forest-trees as found in Germany, but some of 
these aro more shrubs, some aro fruit and properly garden 
trees, and some others aro only varieties of familiar species. 
The valuable manual of Parado describes about the same num¬ 
ber, including, however, two of American origin—the locust, 
Jiolinia peeudacacia } and tho Weymouth or white pine, Pinus 
strains — and the cedar of Lebanon from Asia, which, or at 
least a very closely allied species, is indigenous in Algeria 
also. We may then safely 6&y that Europe does not possess 

* California taunt surrender to Australia the glory of possessing the tallest 
trees. Aocording to Dr. MueUer, Direotor of the Government Botanio Gar¬ 
den at Melbourne, a Eucalyptus near HcalesviUe, measured 480 foot in height 
Lator accounts speak of trees of the same spooies fully 000 feet in height 
See SCIII.E 1 DEN, Fdr Baum und Wald. p. 21. 

If we may credit late reports, the growth of the eucalyptus is so rapid in 
California, that the child is perhaps now bom who will see the tallest soquoin 
overtopped by this new vegetable emigrant from Australia. 

f Etudes ForatUra, p. 7. 
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above forty or fifty native trees of snob economical value as 
to be worth the special care of the forester, while the oak alone 
numbers more than thirty species in tho United States,* and 
some other North American gonera are almost equally diversi¬ 
fied.! 


• For full catalogues of American forcst-trcos, and remarks on their geo¬ 
graphical distribution, consult papers ou tho subject by Dr. J. G. Cooper, in 
the Deport of the Smithsonian Institution for IttoS, and tho Deport of tho 
United States Patent Offico, Agricultural Division, for 18C0. 

t Although Spenser’s cataloguo of trees occurs in tho first canto of tho first 
book of tho “ Faery Quecno ’’—the only canto of that exquisite poem actually 
read by most students of English litcraturo—it is not so gonerally familiar as 
to make the quotation of it altogether superfluous: 

VII. 

Enfornt to necko Homo covert nigh Ht hand, 

A nhadlc prove not farr away they nptdc. 

That promlrt aydo tho tempent to withutand; 

Whoso loftlo trees yclad with Homin''^ pride. 

Did uprcd ko broad, that heaxenn light did hide. 

Not perconblo with power of any rtorr: 

And all within wore pntho* and allcies wide, 

With footinp wome. and leading inward farr; 

Faire harbour that them seem*; ho In they entorod or. 

VIII. 

And fnorth they paw, with plenum* forward led. 

Jojing to heara tho blnlen nweeto harmony. 

Which therein idirotuled front tho tcmp«*Ht drod. 

Sectnd in their soup to tcomo tho miell xky. 

Much enn they praino tho tree* no untight and by, 

Tho HttjUnp plno: the cedar rtont and tall; 

Tho vlno-propp elm ; tho poplar never dry; 

Iho builder oalco, Hole kinp of forrcxt* all; 

Tho anpino pood for ntnve«; tho cypres funeral!; 


IE. 

Tho laurcll, mood of mlphtio conqucronm 
And poet* Mtpo; tho firro that weepeth Rtlli; 

Tho willow, womo of forlorn paramount; 

Tho cuph, obedient to tho )>cndcn* xx ill; 

Tho birch for nhaftc*; tho Hallow for tho mill; 

Tho mlrrho irwecte-blecding In tho bitter wound | 

Tho warliko beech; tho a»h for nothing ill; 

Tho fruit full olivo; and tho plntano round; 

Tho carver holmo; tho mnplo socldom Inward tonnd. 

Although the number of species of American forcst-trccs is much larger 
than of European, yet the distinguishable varieties are relatively more numer* 
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"While the American forest flora has made large contribu¬ 
tions to that of Europe, comparatively few European trees have 
been naturalized in the United States, and as a general rule the 
indigenous trees of Europe do not succeed well in our climate. 
The European mountain-ash—which in beauty, dimensions, and 
hcalthfulncss of growth is superior to our own *—tho horse- 
chestnut, and the abele, or silver poplar, are valuable additions 
to tho ornamental trees of North America. Tho Swiss arve or 
zirbclkicfer, Pinua cembra , which yields a well-flavored edible 
seed and furnishes excellent wood for carving, tho umbrella- 
pine, f which also bears a seed agreeable to the taste, and 
which, from tho color of its foliage and the beautiful form of 
its dome-like crown, is among the most elegant of trees, the 
white birch of Central Europe, with its pendulous branches 
almost rivalling those of the weeping willow in length, flexi¬ 
bility, and gracefulness of fall, and, especially, tho “ cyprcsso 
funcrall,” might be introduced into tho United States with 
great advantage to the landscape. The European beech and 
chestnut furnish timber of far better quality than that of their 
American congeners. Tho fruit of tho European chestnut, 
though inferior to the American in sweetness and flavor, is 


ouk in tho Old World, even In the ease of trees not generally receiving special 
care. This multiplication of varieties is no doubt a result, though not a 
foreseen or intended one, of human action; for tho ordinary operations of 
European forest economy oxposo young trees to dilToront conditions from 
those presented by nature, and new conditions produoe new forms. All Euro¬ 
pean woods, except in the remote North, oven if not technically artificial for¬ 
ests, acquire a more or less artificial character from the governing hand of man, 
and tho oltoct of this interferonoo is soon in the constant deviation of trees 
from the original typo. Tho holly, for example, even when growing as abso¬ 
lutely wild as any troe can ever grow in countries long occupied by man, pro¬ 
duces numerous varieties, and twenty or thirty such, not to mention inter¬ 
mediate shades, aro described and named as reoognizably different, in troatises 
on tho forcst-troes of Europe. 

* In the Northern Tyrol mountain-ashes fifteen inohes in diameter are not 
unoommon. The berries are distilled with grain to flavor tho spirit 

f Tho mountain ranges of our extro.ae West produoe a pine olosely resembling 
tho European umbrella-pine. 
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larger, and is an important article of diet among the French 
and Italian peasantry. The walnut of Europe, though not 
equal to 6ome of the American species in beauty of growth or 
of wood, or to others in strength and elasticity of fibre, is valua¬ 
ble for its timber and its oil.* The maritine pine, which has 
proved of such immense use in fixing drifting sands in France, 

* The walnut is a more valuable tree than is generally supposed. It yields 
one-third of the oil produced in Franco, and in this respect occupies an inter¬ 
mediate position between tho olive of the south and the oleaginous seeds of 
the north. A hectare (about two and a half acres) will produco nuts to tho 
value of five hundred francs a year, which cost nothiug but tho gathering. 
Unfortunately, its maturity must be long waited for, and moro nut-trees aro 
felled than planted. Tho doxnand for its wood in cabinet-work is the princi¬ 
pal causo of its destruction, Seo Lavergne, Economic Rurale do la Francc % 
p. 253. 

According to Cosimo Ridolfi (Lezioni Oral!, iL, p. 424), Franco obtains throe 
times as much oil from tho walnut as from tho olive, and nearly as much as 
from all oleaginous seeds togother. He Btatcs that tho walnut boars nuts at 
tho nge of twenty years, and yields its maximum product at scvonty,and that a 
hectare of ground, with thirty trees, or twelve to the aero, is equal to a capital 
of twenty-five hundred francs. 

Tho nut of this tree is known in the United States as the “ English walnut.” 
Tbo fruit and the wood much resemble thoso of the American black walnut, 
Juglino nigra , but for cabinet-work the Amorican is the moro beautiful 
material, especially when tho largo knots aro employed. The timbor of the 
European species, when straight-grained, and dear, or freo from knots, is, for 
ordinary purposes, better than that of the American blaok walnut, but boars 
no comparison with tho wood of tho hickory, when strength combined with 
elasticity is required, and its nut is very inferior in tasto to that of tho shag- 
bark, as woll as to the buttornut, which it somowhat resomblos. 

** The chestnut is more valuable still, for it produces on a storilo soil, which, 
without it, would yield only ferns and heaths, an abundant nutriment for 
man. ” —Lav krone, Economic Ruralc do la France , p. 253. 

I hclioYO tho varieties dovolopcd by cultivation aro less numorous in the 
waluut than in the chestnut, which latter treo is often graftod in Southoro 
Europe. 

Tho chestnut crop of France was estimated in 1848 at 3,478,000 heotolitros, 
or 0,877,520 Winolicstcr bushels, and valuod at 13,528,000 franos, or moro than 
two million and a half dollars. In Tuscany the annual yield is computed at 
about 550,000 bushels. 

The Tuscan peasants think the flour of the driod chestnut not less nutritious 
than Indian oommoal, and it soils at tho same prioo, or about three oents per 
English pound, in the mountains, and four oents in the towns. 
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may perhaps be better adapted to this purpose*than any of the 
2 >ines of the New World, and it is of great importance for its 
turpentine, resin, and tar. The dpieda, or common fir, Abies 
picca y Abies excelsa, Picea excelsa , abundant in the mountains 
of Franco and the contiguous country, is known for its product, 
Burgundy pitch, and, as it flourishes in a greater variety of soil 
and climate than almost any other spike-leaved tree, it might 
bo well worth transplantation.* The cork oak has been intro¬ 
duced into California and some other parts of the United 
States, I believe, and would undoubtedly thrive in the Southern 
section of the Union.f 


* This fir is remarkable for its tendency to cicatrize or heal over its stumps, 
a property which it possesses in common with somo other firs, the maritime 
pine, and the European laroh. When these trees grow in thick dumps, their 
roots aro apt to unite by a species of natural grafting, and if one of them be 
felled, although its own proper rootlets die, the stump may continuo, some¬ 
times for a century, to receive nourishment from the radicles of the surround¬ 
ing trees, and a dome of wood and bark of considerable thickness bo formed 
over it. The healing is, however, only apparent, for the entire stump, except 
tho outsido ring of annual growth, soon dies, and even decays within its cover¬ 
ing, without Bonding out now shoots. Soo Monthly Report , Department of 
Agriculture , for October, 1872. 

f At the age of twolve or fifteen years, the cork-tree is stripped of its outer 
bark for the first time This first yield is of inferior quality, and is employed 
for floats for nets and buoys, or burnt for lampblack. Aftor this, a now layor 
of cork, an inch or an inch and a quartor in thiokness, is formed about once in 
ten years, and is removod in largo sheets without injury to tho tree, which 
lives a hundred and fifty yoars or more. According to Clavd (p. 252), the 
annual produot of a forest of cork oaks is oulculutod at about 000 kilogrammes, 
worth 100 francs, to tho hootare, which, doduotiug oxponsos, loavos a pyoflfc 
of 100 francs. This is about equal to 200 pound weight, and eight dollars 
profit to tho aoro. Tho oork oaks Of tho national domain in Algeria oover 
about 500,000 acres, and aro let to individuals at ratos which aro expected, 
whon the whole is rented, to yield to tho stato a rovonuo of about $2,000,000. 

Goorgo Sand, in the UUtoire de tna Vie, spoaks of the oork-forosts in 
Southern Franoe as among the most profitablo of rural possessions, and states, 
what 1 do not remember to have soon notioed elsewhere, that Russia is the 
best oustomer for oork. The large sheets taken from the trees are slit into 
thin plates, and used to line the walls of apartments in that oold climate. On 
the cultivation and management of the oork oak, soo Dee Ineendiee et de la 
culture du CheteMige, in Revue dee Sam et ForSt* for February, 1800. 
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In tlie walnut, tho chestnut, the cork oak, the mulberry, the 
olive, tho orange, the lemon, the fig, and tho multitudo of other 
trees which, by their fruit, or by other products, yield an annual 
revenue, nature has provided Southern Europo with a partial com¬ 
pensation for the loss of the native forest. It is truo that these 
trees, planted as most of them are at such distances as to admit 
of cultivation, or of tho growth of grass among them, ore but an 
inadequate substitute for tho thick and shady wood; but tlioy 
perform to a certain extent tho same offices of absorption and 
transpiration, they shade tho surface of tho ground, thoy servo 
to break the force of tho wind, and on many a stcop declivity, 
many a bleak and barren hillside, tho chestnut binds tho soil 
together with its roots, and prevents tons of earth and gravel 
from washing down upon tho fiolds and tho gardens. Fruit- 
trees are not wanting, certainly, north of tho Alps. Tho apple, 
the pear, and the prune are important in tho economy both of 
man and of nature, but thoy are far less numerous in Switzerland 
and Northern Franco than are tho trees I havo mentioned in 
Southern Europo, both because tlioy are in general less remu¬ 
nerative, and bccauso tho climate, in higher latitudes, does not 
]>ennit tho free introduction of shade trees into grounds occu¬ 
pied for agricultural purposes.* 

* The walnut, the chestnut, tho applo, and tho poor are common to tho bor* 
dor betwoon the oountrics I havo mentioned, but tho range of tho othor trooe 
Is bounded by tho Alps, and by a well-defined and sharply drawn lino to tho 
wost of those mountains. From some peculiarity in tho sky of Europo, culti¬ 
vated plants will thrive, is Northern Italy, in Southora Franco, and ovon in 
Switzerland, under a depth of shado wboro no orop, not ovon grass, worth 
harvesting, would grow in tho Uuitod State# with an equally high suiumor 
tomporaturo. XIonoo tho cultivation of all thoso troos is praotioablo in Europo 
to a greater extent than would be supposed reconcilable with tho intorosts of 
ogrloulturo, Somo idoa of tho Import cuioo of tho olivo orchards,may bo formed 
from tho foot that Sioily alono, an island seareoly excooding 10,000 square 
miles in area, of which ono-thixd at least Is absolutely barrou, has exported to 
tho single port of Marseilles more than 3,000,000 pounds woight of olive-oil per 
poor, for tho last thirty years. 

Aooonling to Cosimo Rldolfi, Lezioai Orall % vol ii., p. 840, in a favorable soil 
and climate tho averago yield of oil from poorly monuxod trots, whioh oom- 
posstho great majority, is six English pounds, while with the beet cultivation it 
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Tlio multitude of species, intermixed as they are in their 
spontaneous growth, gives the American forest landscape a 
variety of aspect not often seen in the woods of Europe, ond 
the gorgeous tints, which nature repeats from the dying dolphin 
to paint the falling leaf of the American maples, oaks, and ash 
trees, clothe the hillsides and fringe the water-courses with a 
rainbow splendor of foliage, unsurpassed by the brightest 
groupings of the tropical flora. It must bo confessed, however, 
that both the northern and the southern declivities of the Alps 
exhibit a nearer approximation to this rich and multifarious 
coloring of autumnal vegetation than most American travellers 
in Europe are willing to allow ; and, besides, the small decidu¬ 
ous shrubs which often carpet the forest-glades of these moun¬ 
tains are dyed with a ruddy and orange glow, which, in the 
distant landscape, is no mean substitute for the scarlet and 
crimson and gold and amber of the transatlantic woodland.* 

I admit, though not without reluctance, that the forest-trees 


rifles to twenty-throe pounds. The annual produotion of olive-oil in the whole 
of Italy is estimated at upwards of 800,000,000 pounds, and if we allow twelve 
poundp. to the troo, we have something more than 70,000,000 trees. The renl 
number of trees is, however, muoh greater than this estimate, for in Tuscany 
and many other parts of Italy the average yield of oil per treo docs not exceed 
two pounds, and there are many millions of young trees not yet in boaring. 
Probably wo shall not exaggerate if we estimate the olive trees of Italy at 
100 ,000,000, and as there are about a hundred trees to tho aore, tho quantity 
of land devoted to the cultivation of the olive may be taken at a million aorcs. 
Although olive-oU is muoh used in oookery in Italy, lard is preferred as more 
nutritious. Muoh Amerioan lard is exported to South-eastern Italy, and olive- 
oil is imported in return. 

* The most gorgeous autumnal coloring I have observed in the vegetation of 
Europe has been in the valloys of the Durance and its tributaries in Dauphiny. 
I must admit that neither in variety nor in purity and brilliancy of tint, does 
this ooloring fall muoh. if at all, short of that of tho Now England woods. 
But there is this difference: in Danphiny, it is only in small shrubs that this 
rich painting is teen, while in North America the foliage of large troes is dyed 
in full splendor. Hence the American woodland has fewer broken lights and 
more of what painters oall breadth of ooloring. Besides this, the arrangement 
of the leafage in large globular or oonioal masses, affords a wider scale of light 
and shade, thus aiding now the gradation now the contrast of tints, and gives 
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of Central and Southern Europe have a great advantage over 
our own in the corresponding latitudes, in density of foliage os 
well as in depth of color and persistence of tho leaves in 
deciduous species. An American, who, after a long absenco 
from tho United States, returns in the full height of summer, 
is painfully surprised at the thinness and poverty of tho leafago 
even of the trees which he had habitually regarded as specially 
umbrageous, and ho must wait for tho autumnal frosts beforo 
lio can recover his partiality for tho glories of his nativo \voods. 

None of our north-eastern evergreens resemblo tho umbrella 
pine sufficiently to bo a fair object of comparison with it. A 
cedar, very common above tho Highlands on tho Hudson, and 
elsewhere, is extremely like tho cypress, straight, slender, with 
erect, compressed ramification, and feathered to tho ground, but 
its foliage is neither so dark nor so dense, the treo docs not 
attain tho majestic height of tho cypress, nor has it tho lithe 
flexibility of that tree.* In mere shape, tho Lombardy poplar 
nearly resembles this latter, but it is almost a profanation to 
compare the two, especially when they are agitated by tho 
wind; for under such circumstances, tho ono is tho most 

tho American October landscape a softer and more harmonious tone than 
marks tho humblo shrubbery of tho forest hillsides of Dauphiny. 

Tboreau—who was not, like some vory celebrated landscape critics of tho 
present day, on outsido spectator of tho action and products of natural forces, 
but, in tho old religious sense, an observer of organic nature, living, moro than 
almost any other dcbcriptivo writer, among and with her children—has a very 
eloquent paper on tho “ Autumnal Tints ” of tho Now England landscape.— 
Seo his Excursion*, pp. 215 et teqq. 

Few men have personally noticed so many facts in natural history accessible 
to unscientifio observation as Thoreau, and yet ho had novor soon that vory 
common and striking spectaclo, the phosphorescenco of decaying wood, until, 
iu tho lattor years of his life, it caught his attontioa in a bivouac in the forests 
of Maino. Ho sooms to have been moro oxcitcd by this phenomenon than by 
any other described in his works. It must be a capacious cyo that takos in aU 
tho visible facts in tbe history of the most familiar natural objoofc.— The Maim 
Wood*) p. 184. 

* The cold winter, or rather spring, of 1872 proved fatal to many oyprosses aa 
well as olive trees in the Vol d’Arno. The cypress, therefore, could be intro¬ 
duced only into California and our Southern States. 
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majestic, the other the most ungraceful, or—if I may apply 
such an expression to anything but human affectation of 
movomcnt—the most awkward of trees. The poplar trembles 
before the blast, flutters, struggles wildly, dishevels its foliage, 
gropes around with its feeble branches, and hisses as in 
impotent passion. The cypress gathers its limbs still more 
closely to its stem, bows a gracious salute rather than an hum¬ 
ble obeisance to the tempest, bends to the wind with an elasti¬ 
city that assures you of its prompt return to its regal attitude, 
and sends from its thick leaflets a murmur like the roar of the 
far-off ocean. 

The cypress and the umbrella-pine are not merely conven¬ 
tional types of the Italian landscape. They are essential ele¬ 
ments in a field of rural beauty which can be seen in perfec¬ 
tion only in the basin of the Mediterranean, and they arc as 
characteristic of this class of scenery as is the date-palm of the 
oases of the Eastern desert. There is howevor, this difference 2 
a single cypress or pine is often enough to 6hed beauty over a 
wide area; the palm is a social tree, and its beauty is not so 
much that of the individual as of the group.* The frequency 
of the cypress and the pine—combined with the fact that the 
other trees of Southern Europe which most interest a stranger 
from the north, the orange and the lemon, the cork oak, the 
ilex, the myrtle, and the laurel, are evergreens—goes far to ex¬ 
plain the beauty of the whiter scenery of Italy. Indeed, it is 
only in the winter that a tourist who confines himself to wheel- 
carriages and high roads can acquire any notion of tho face of 


* European poets, whose knowledge of the date-palm is not founded on per¬ 
sonal observation, often desoribe its trunk as not only slender, bnt particularly 
straight. Nothing oan be farther from the truth. When the Orientals com¬ 
pare the form of a beautiful girl to the stem of the palm, they do not repre¬ 
sent it as rigidly straight, hut on the contrary as made up of graoeful ourvos, 
which seem loss like permanent outlines than liks flowing motion. In a palm 
grove, the trunks, so far from standing plantod upright like the oandles of a 
chandelier, bend in a vast variety of curves, now leaning towards, now diverg¬ 
ing from, now crossing, eaoh other, and among a hundred you wUl hardly see 
two whose axes are parallel 
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the earth, and form any proper geographical image of that 
country. At other seasons, not high walls only, but equally im¬ 
pervious hedges, and now, unhappily, acacias thickly planted 
along the railway routes, confine the view so completely, that 
the arch of a tunnel, or a night-cap over the traveller’s eyes, is 
scarcely a more effectual obstacle to the gratification of his 
curiosity.* 

The Forest does not furnish Food for Man. 

In a region absolutely covered with trees, human life could 
not long bo sustained, for want of animal and vegetable food. 
The depths of the forest seldom furnish either bulb or fruit 
suited to tho nourishment of man; and the fowls and beasts on 
which he feeds are scarcely seen excopt upon the margin of tho 
wood, for here only grow tho shrubs and grasses, and hero only 
aro found the seeds and insects, which form tho sustenance of 
tho non-carnivorous birds and quadrupeds.! 


* Besides this, in a country so divorsiflod in sarfaco as Italy, with tho oxcoption 
of tho champaign region drained by the Po, every now field of viow requires 
either ar. extraordinary coup (Tail in the spectator, or a ioug study, in order to 
master its relief, its plans, its salient and rot routing anglos. In summer, ex¬ 
cept of course in the bare mountains, tho universal greenery confounds light 
and shade, distance and foreground; and though tho impression upon a trav- 
cUor, who journeys for tho sake of “ sensations," may bo strengthened by tho 
mysterious annihilation of all standards for the measurement of spaco, yot 
tho superior intelligibility of the winter scenoiy of Italy is more profitablo to 
those who see with a view to analyse. 

t ClavtS, as well as many carlior writers, supposes that primitive man de¬ 
rived his nutriment from the spontaneous productions of tho wood. 11 It is 
to tho forests," says be, “ that man woe first indobted for the moans of sub¬ 
sistence. Exposod alone, without defonoe, to tho rigor of the seasons, as 
well as to tho attacks of animals stronger and swiftor than himsolf, he found 
In them his first sholtor, drew from thorn his first weapons. In the first period 
of humanity, they provided for all his wants i they furnished him wood for 
warmth, fruits for food, garments to oovor his nakedness, arms for his de- 
fence."— £tudf* cur VEconomic Forati p, 13. 

But the history of savage life, as far os it is known to us, presents man in 
that oondition as inhabiting only the bordors of tho forest and the open 
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First liemoval of the Forest , 

When multiplying man had filled the open grounds along 
the margin of the rivers, the lakes, and the sea, and sufficiently 
peopled the natural meadows and savannas of the interior, 
where such existed, lie could find room for expansion and fur¬ 
ther growth only by the removal of a portion of the forest 
that hemmed him in. The destruction of the woods, then, was 
man’s first geographical conquest, his first violation of the har¬ 
monies of inanimate nature. 

grounds that skirt the waters and the woods, and as finding only there the 
aliments whioh make up his daily brend. Tho viHages of the North American 
Indians were upon the shores of rivers and lakes, and their weapons and other 
relics are found only in tho narrow open grounds which they had burned over 
and cultivated, or in the margin of the woods around their hamlets. 

Except upon the banks of rivers or of lakes, the woods of tho interior o£ 
North America, far from tho habitations of man, are almost destitute of animal 
life. Dr. Newberry, describing tho vast forests of the yellow pine of the West, 
Pinv* ]X>ndcro*a % remarks: u In the arid and desort regions of the interior basin, 
we made whole days* marches in forests of yellow pine, of which neither the 
monotony was broken by other forms of vogetation, nor its stillness by the 
flutter of a bird or the hum of an insect .”—Pacific Railroad Report , vol. vi., 
1857. Dr. Newbehry’b Report on Botany , p. 37. 

Cheadle and Milton’s North-west Passage confirms these statements. Val- 
vasor says, in a paragraph already quoted, “ In my many journeys through 
this valley, 1 did never have sight of so much as a single bird.” 

The wild fruit and nut trees, the Canada plum, the cherries, the many species 
of walnut, the butternut, the hazol, yield very little, frequently nothing, so long 
as they grow in the woods; and it is only when the trees around them are 
cut down, or when they grow in pastures, that they become productive. The 
berries, too—the strawberry, the blackberry, the raspberry, the whortleberry, 
scarcely bear fruit at all except in cleared ground. 

Tho rank forests of tho tropics are as unproductive of human aliment as 
the less luxuriant woods of the temperate tone. In Strain’s unfortunate ex¬ 
pedition aoross tho great Amerioan isthmus, where the journey lay principally 
through thiok woods, several of the party died of starvation, and for many 
days the survivors were foroedto subsist on the scantiest supplies of unnutri- 
tious vegetables perhaps never before employed for food by man. See the 
interesting account of that expedition in Harper's Magamne for March, April, 
and May, 1855. 
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Primitive man had little occasion to foil trees for fuel, or for 
the construction of dwellings, boats, and the implements of his 
rude agriculture and handicrafts. Windfalls would furnish a 
thin population with a sufficient supply of such material, and 
if occasionally a growing tree was cut, the injury to the forest 
would bo too insignificant to bo at all appreciable. 

The accidental escape and spread of firo, or, possibly, the 
combustion of forests by lightning, must have first suggested 
the advantages to bo derived from the removal of too abun¬ 
dant and extensive woods, and, at the samo time, have pointed 
out a means by which a largo tract of surface could readily bo 
cleared of much of this natural incumbrance. As 60 on as agri¬ 
culture had commenced at all, it would bo observed that the 
growth of cultivated plants, as well as of many species of wild 
vegetation, was particularly rapid and luxuriant on soils which 
had been burned over, and thus a now stimulus would bo 
given to the practice of destroying the woods by fire, as a 
means of both extending the open grounds, and making tho 
acquisition of a yet more productive soil. After a few har¬ 
vests had exhausted the first rank fertility of tho virgin mould, 
or when weeds and briers and tho sprouting roots of tho trees 
had begun to choke tho crops of the half-subdued soil, tho 
ground would bo abandoned for new fields won from tho forest 
by the same means, and tho deserted plain or hillock would 
60011 clothe itself anew with shrubs and trees, to bo again sub¬ 
jected to tho same destructive process, and again surrendered 
to tho rcstorativo powers of vegetable naturo. # This rudo 


* In many parts of the North Aworican States, the first whito sottlors 
found oxtenwive tracts of thin woods, of a very park-liko character, called 
4 ‘oak-openings,” from the predominance of UifTcrcut species of that troo upon 
them. These wore the somi-artifioial pasturo-grounds of tho Indiaus, brought 
into that state, and so kept, by partial clearing, and by tho annual burning of 
the grass. The object of this operation was to attract tho deer to tho fresh 
herbage which sprang up after the firo. The oaks boro tbo annual scorching 
at least for a certain time; but if it had boon indefinitely continued, they 
would very probably havo boon destroyed at last. Tbo soil would havo then boon 
much in the prairie oondition, and would have needed nothing but gi axing for 
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economy would be continued for generations, and, wasteful as it 
is, is still largely pursued in Northern Sweden, Swedish Lap- 
land, and sometimes even in France and the United States.* 

Principal Causes of the Destruction of the Forest. 

The needs of agriculture are the most familiar cause of the 
destruction of the forest in now countries; for not only does 
an increasing population demand additional acres to grow the 
vegetables which food it and its domestic animals, but the slov¬ 
enly husbandry of the border settlor soon exhausts the luxuri¬ 
ance of his first fields, and compels him to remove his household 
gods to a fresher soil. The extent of cleared ground required 
for agricultural use depends very much on the number and 
kinds of the cattle bred. We have seen, in a former chapter, 
that, in the United States, the domestic quadrupeds amount to 
more than a hundred millions, or nearly three times the num¬ 
ber of the human population of the Union. In many of the 

a long succession of years to make the resemblance perfect. That the an¬ 
nual fires alone oooosioned the peouliar character of the oak-openings, is 
proved by the foot that as soon as the Indians had loft the country, young 
trees of many species sprang up and grew luxuriantly upon them. See a 
very interesting aooount of the oak-openings in Dwight’s Travels , iv., pp. 
68 - 08 . 

* The praotioe of burning over woodland, at onoe to dear and manure the 
ground, is called in Swedish svedjande % a participial noun from the verb 
att svedja , to burn over. Though used in Sweden as a preparation for orops 
of ryo or othor grain, it is employed in Lapland more frequently to secure an 
abundant growth of pasturago, which foUows in two or three years after the 
fire; and it is sometimes resorted to os a mode of driving the Laplanders and 
their roindeor from the vloinityof the Swedish baokwoodsman's grass-grounds 
and hay-stacks, to whioh they are dangerous neighbors. The forest, indeed, 
rapidly reooven Itself, but it is a generation or more before the reindeer-moss 
grows again. When the forest consists of pine, tatl % the ground, instead of 
being rendered fertile by this proooss, booomes hopelessly barren, and for a 
long time afterwards produces nothing but weeds and briers.— Laestadxus, On 
Uppodllngar i Lappmarksn , p. 16. See also Schubert, JUsa i Surge, ii., p. 
876. 

In some parts of Franoe this praotioe Is so general that Clavt soys: 41 In 
the department of Ardennes it (fie sartage) Is the basis of agriculture." 
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Western States, the swine subsist more or less on acorns, nuts, 
and other products of the woods, and the prairies, or natural 
meadows of die Mississippi valley, yield a largo amount of food 
for beast, as well as for man. With theso exceptions, all this 
vast army of quadrupeds is fed wholly on grass, grain, pulse, 
and roots grown on soil reclaimed from the forest by European 
settlers. It is true that the flesh of domestic quadrupeds en¬ 
ters very largely into the aliment of the American peoplo, and 
greatly reduces the quantity of vegetable nutriment which they 
would otherwise consume, so that a smaller amount of agricul¬ 
tural product is required for immediate human food, and, of 
course, a smaller extent of cleared land is needed for tho growth 
of that product, than if no domestic animals existed. But tho 
flesh of the horse, the ass, and tho mule is not consumod by 
man, and tho sheep is reared rather for its fleece than for food. 
Besides this, the ground required to produce tho grass and 
grain consumed in rearing and fattening a grazing quadruped, 
would yield a far larger amount of nutriment, if devoted to 
tho growing of breadstuff*, than is furnished by his flesh; and, 
upon the whole, whatever advantages may bo reaped from tho 
breeding of domestic cattle, it is plain that tho cleared land de¬ 
voted to their sustenance in tho originally wooded part of tho 
United States, after deducting a quantity sufficient to produce 
an amount of aliment equal to their flesh, still greatly exceeds 
that cultivated for vegetables, directly consumed by the people 
of the same regions; or, to express & nearly equivalent idea in 
other words, tho meadow and tho pasture, taken together, much 
exceed the ploughland.* 

* The two ideas expressed la the text are not exactly equivalent, beoauso, 
though tho oonsumption of animal food diminishes the amount of vege¬ 
table aliment required for human use, yet the animals themselves oonsume 
a groat quantity of grain and roots grown on ground ploughed and cultivated 
as regularly and as laboriously as any other. 

The 880,000,000 bushels of oats raised in the United States in 1870, and fed 
to tho 7,000,000 horses, the potatoes, the turnips, and the maise employod in 
fattening the oxen, the sheep, and tho swino slaughtered the same year, oo- 
euplod au extent of ground which, cultivated by hand-labor and with Chinees 
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Governments and military commanders have at different 
periods deliberately destroyed forests by fire or the axe, because 
they afforded a retreat to robbers, outlaws, or enemies, and this 
was one of the hostile measures practised by both Julius Cajsar 
and the Gauls in the Homan war of conquest against that peo¬ 
ple. It was also resorted to in the Mediterranean provinces of 
France, then much infested by robbers and deserters, as late as 
the reign of Napoleon I., and is said to have been employed by 
the early American colonists in their exterminating wars with 
the native Indians.* 

In the Middle Ages, as well as in earlier and later centuries, 
attempts have been made to protoct the woods by law,f as 

industry and skill, would probably have produoed a quantity of vegetable 
food equal in alimentary power to the flesh of the quadrupeds killed for do¬ 
mestic use. Hence, so far as the naked question of amount of aliment is 
ooncemed, the moadows and the pastures might as well have romnined in tho 
forest condition. It must, however, be borne in mind that animal labor, if 
not a necessary, is probably an economical, force in agricultural occupations, 
and that without animal manure many branches of husbandry could hardly 
bo carried on at all. At tho iiame time, the introduction of machinery into 
rural industry, and of artificial, mineral, and fossil manures, is working great 
revolutions, and we may find at some future day that the ox is no longer 
necessary as a help to the farmer. 

• For many instances of this sort, see Maury, Lea ForSta de la Qanle y pp. 3-5, 
and Becquerkl, Lea Climate , etc., pp. 801-303. In 10G4 the Swedes made 
an incursion into Jutland and felled a considerable extent of forest. Aftor 
they retired, a survey of the damage was had, and the report is still extant. 
The number of troes out was found to be 120,000, and as an aocount was taken 
of the numbers of each species of tree, the document is of much interest in 
the history of the forest, as showing the relative proportions betwoen the 
different troos which at that time oomposod the wood. See Vautell, 
Dogma Imlmndring , p. 80, and Notca y p. 00, 

f Stanley, quoting Selden, De Jure Natural f, lib. vL, and Fabrioius, Cod, 
Peevdap,, V. T., i 874, mentions a noteworthy Hebrew tradition of unoortain 
date, but unquestionably very onolent, whioh is one of tho oldest proofs of a 
public respect for the woods. 

11 A Hebrew tradition attributes to Joshua ten statutes, containing precise 
regulations for the protection of the property of evory tribe and of every head 
of a family against irregular depredations. Small quadrupeds were allowed to 
pasture in dense woods, notin thin ones; but no animal eould feed in any 
forest without the oonsent of the proprietor of tho soil. Evory Hobrew might 
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necessary for tho breeding of deer, wild boars, and other game, 
or for the more reasonable purpose of furnishing a supply of 
building timber and fuel for future generations. It was 
reserved for more advanced ages to appreciate the geographical 
importance of the woods, and it is only in the most recent 
times, only in a few countries of Europe, that the general 
destruction of the forests has been recognized a3 the most 
potent among the many causes of the physical deterioration of 
the earth.* 


lioyal Forests and Gama laws. 

The French authors I have quoted, as well as many other 
writers of the samo nation, refer to the French Revolution as hav- 
ing given a new impulse to destructive causes which wero already 
threatening the total extermination of the woods.f Tho general 
crusado against tho forests, which accompanied that important 
event, is to bo ascribed, in a considerable degree, to political re¬ 


pick up fallen boughs and twigs, but waa not porraifcfcod to out thorn. Trcoa 
might bo pruned for tho trimmings, with tho exception of tho olivo and other 
fruit-trees, and provided thcro was sufficient shado in tho placo .”—Lectures on 
Via History of the Jcirhh Church , parti., p. 271. 

Alfred Maury mentions several provisions talien from tho laws of tho Indian 
legislator Mann, on tho samo subject.— IjCA Fort Is do la QauU % p. 0. 

Tho vory ancient Tables of Hcraclea contain provisions for the protection 
of woods, but whothor theso roferrod only to sacrod groves, to publio forosts, 
or to loased lands, is not door. 

* Wo must perhaps malco an exception in favor of tho Emporor Constantino, 
who commenced tho magnificent series of aqueducts and oistoms which still 
supply Constantinople with wator, and onaotod strict laws for tho protection of 
tho foro6t of Belgrade, in which rise tho springs that food tho aquednots. Boo 
an artiolo by Mr. IL A. lloraos on tho Water-Supply of Constantinople in tho 
Albany Argus of Juno C, 1872. 

f Roligious intolornnco had produced similar effects in Franco at an oarlior 
period. M Tho revocation of tho edict of Nan to* and tho dragonnados oooa- 
sionod tho salo of tho forosts of tho unhappy Protestants, who flod to sook in 
foreign lands tho liberty of conscience which was rofusod to thorn in Franco, 
Tho forosts wero soon fellod by tho purchasers, and tho soil in part brought 
under cultivation.”— Bboqurrkl, Des Climats f oto., p. 803. 
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sent monte. The forest codes of the medieval kings, and the local 
“ contumes ” of feudalism, contained many severe and even in¬ 
human provisions, adopted rather for the preservation of game 
than from any enlightened views of the more important func¬ 
tions of the woods. Ordericus Vitalis informs us that William 
the Conqueror destroyed sixty parishes and drovo out their in¬ 
habitants, in order tliat he might turn their lands into a forest,* 
to be reserved as a hunting-ground for himself and his posterity, 
and he punished with death the killing of a deer, wild boar, or 
even a hare. Ilis successor, William Rufus, according to the 
Jlistoire dee Dues do Normandie et dee Rois d'Angletcrrc , p. 07, 
“ was hunting one day in a new forest, which he had caused to bo 
mado out of eighteen parishes that ho had destroyed, when, by 
mischance, he was killed by an arrow wherewith Tyrous do 
Rois [Sir Walter Tyrell] thought to slay a beast, but missed 
the beast, and 6lew the king, who was beyond it. And in 
this very 6amo forest, his brother Richard ran so hard against 
a tree that he died of it. And men commonly 6aid that these 
things were because they had so laid waste and taken the said 
parishes.” 

These barbarous acts, as Bonncm&re observes,f were simply 
the transfer of the customs of the French kings, of their vassals, 
and even of inferior gentlemen, to conquered England. u The 


* The American reader must be reminded that, in the languago of the chase 
and of tho English law, a “forest” is not necessarily a wood. Any largo 
extent of ground, withdrawn from cultivation, reserved for the pleasures of 
the chase, and allowed to olothe itself with a spontaneous growth, serving as 
what is technicaUy called “ cover” for wild animals, is, in the dialects I have 
mentioned, a forest. When, therefore, tho Norman kings afforested the grounds 
referred to in the text, it is not to be supposed that they planted them with 
trees, though the protection afforded to them by the game laws would, if oattle 
had been kept out, soon have converted them into real woods. 

f JlUtoire dtt Paysans , ii., p. 100. The work of Bonoem&re is of great value 
to those who study the history of medioval Europe from a desire to know its 
real character, end not in the hope of finding apparent foots to sustain a false 
and dangerous theory. Bonnemore is one of the few writers who, like Miohe- 
lot, have been honest enough and bold enough to speak the truth with regard 
to the relatione between the oburob and the people in the Middle Ages. 
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death of a hare,” says our author, " was a hanging matter, tho 
murder of a plover a capital crime. Death was infiictod on 
those who spread nets for pigeons; wretches who had drawn 
a bow upon a stag were to bo tied to the animal alive; and 
among the seigniors it was a standing excuso for having killed 
game on forbidden ground, that they aimed at a scrf. ,, Tho 
feudal lords enforced these codes with unrelenting rigor, and 
not unfrcquently took the law into their own hands. In tho 
time of Louis IX., according to William of Nangis, “ three 
noble children, born in Flanders, who were sojourning at tho 
abbey of St. Nicholas in tho Wood, to lcam the speech of 
France, went out into the forest of tho abbey, with their bows 
and iron-headed arrows, to disport them in shooting harc3, 
chased tho game, which they had started in the wood of tho 
abbey, into tho forest of Engucrraud, lord of Coucv, and wero 
taken by the sergeants which kept the wood. When tho fell 
and pitiless Sir Engucrraud knew this, ho had tho children 
straightway hanged without any manner of trial.” * Tho mat¬ 
ter being brought to tho notice of good King Louis, Sir En- 
guerrand was summoned to appear, and, finally, after many 
feudal shifts and dilatory pleas, brought to trial beforo Louis 
himself and a special council. Notwithstanding tho opposition 
of tho other seigniors, who, it is needless to say, spared no 
efforts to save a peer, probably not a greater criminal than 
themselves, tho king was much inclined to inflict tho punish¬ 
ment of death on tho proud baron. “ If ho believed,” 6aid ho, 
“ that our Lord would bo as well content with hanging as with 
pardoning, he would hang Sir Engucrr&nd in spito of all his 
barons; ” but noble and clerical interests unfortunately pre¬ 
vailed. Tho king was persuaded to inflict a milder retribution, 
and the murderer was condemned to pay ten thousand livres in 
coiu, and to u build for the souls of the three children two 


* It is painful to add that a similar outrage was perpotratod a very few 
years ago, in one of the European states, by a prinoe of a family now de¬ 
throned. In this oase, howover, the prinoe killod the trespasser with his own 
hand, his sergeants refusing to execute his mandate. 
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chapels wherein mass should be said every day*.” * The hope 
of shortening the purgatorial term of the young persons, by the 
religious rites to bo celebrated in the chapels, was doubtless 
the consideration which operated most powerfully on the mind 
of the king; and Europe lost a great example for the sake of 
a mass. 

The desolation and depopulation, resulting from the exten¬ 
sion of tho forest and the enforcement of the game laws, in¬ 
duced several of the French kings to consent to some relaxation 
of tho severity of those latter. Francis I., however, revived 
their barbarous provisions, and, according to Bonncmerc, even 
so good a monarch as Ilonry IV. re-enacted them, and “ signed 
tho sentence of death upon peasants guilty of having dofended 
their fields against devastation by wild beasts.” “ A fine of 
twenty livres,” ho continues, “ was imposed on every one shoot¬ 
ing at pigeons, which, at that time, swooped down by thousands 
upon tho now-sown fields and devoured the seed. But let us 
count oven this a progress, for we have seen that tho murder of 
a pigeon had been a capital crime.” f 

Not only were the slightest trespasses on the forest domain— 
the cutting of an oxgoad, for instance—severely punished, but 
game animals were still sacred when they had wandered from 

* Guillaume de Nanoib, as quoted in the notes to Joinville, NomeUa 
Collection da Memoir a, eta, par Michaud ot Poujoulat, promicro surio, i., p. 
83.'). 

Persons acquainted with the character and influence of tho medieval clergy 
will hardly neod to be informed that tho ten thousand livres novor found 
their way to the royal exchequer. It was easy to prove to tho simple-minded 
king that, as the profits of sin wore a monopoly of tho ohurch, ho ought not 
to dcrivo advantage from tho commission of a crime by one of his subjects; 
and the priests were cunning enough both to socure to themselves tho amount 
of the fine, and to extort from Louis large additional grants to carry out the 
purposes to which they devoted the money. 44 And though the king did take 
tho moneys,says the chronicler, 44 he put them not into his treasury, but 
tumod them into good works ; for he builded therewith tho maison-Dieu of 
Pontoise, and endowed the same with rents and lands; also tho sohools and 
the dormitory of the friars proaohera of Paris, and the monastery of the 
Minorite friars. n 

f JJUtoirt da Paytana , il., p. 200. 
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tlicir native precincts and were ravaging the fields of the 
peasantry, A herd of deer or of wild boars often consumed or 
trod down a harvest of ain, the sole liopo of the year for a 
whole family; and the simple driving out of such animals from 
this costly pasturage brought dire vengeance on the head of the 
rustic, who had endeavored to save Ills children’s bread from 
their voracity. “ At all times,” says Paul Louis Courier, speak¬ 
ing in the name of the peasants of Chnmbcrd, in the “ Simple 
Discours,” “ the game has made war upon us. Paris was block¬ 
aded eight hundred years by the door, and its environs, now so 
rich, so fertile, did not yield bread enough to support the game¬ 
keepers.” * The Tiers fitat declared, in 1780, “ the most ter- 

* Tho following details from Boniicmcro will servo to give a moro complete 
idea of tlio vexatious and irritating nature of the gnmo laws of Franco. TUo 
officers of tho chose went so far as to forbid tho pulling up of thistles and 
weeds, or tho mowing of any unenclosed ground before St. John's day (24th 
Jtuio), in order that tho nests of gnmo birds might not bo disturbed. It 
was unlawful to fencc-in any giouuds in tho plains whero royal residences 
wore Bituotcd ; thorns were ordered to bo planted in all fields of wheat, bar¬ 
ley, or oats, to prevent the uso of ground-nets for catching tho birds which 
consumed, or were belic\od to consume, tho grain, and it was forbidden to 
cut or pull stubble before the first of October, lest the partridgo and tho quail 
might bo deprived of tlicir cover. For destroying tho eggs of tho quail, a fine 
of one hundred livres was imposed for the first offence, double that amount 
for tho second, and for the third tho oulprit was Hogged and banished for hvo 
years to a distance of six longues from tho forest.— JJut hi re tie* '//<#, ii., 
p. 202, text and notes. 

Neither theso sovero penalties, nor ary provisions dovised by tho ingenuity 
of modem legislation, have been ablo effectually to repress poaching. “ Tbs 
gamo laws,” says Clave, “havo not delivered us from tho poachers, who hill 
twenty times as much gamo as tho sportsmen. In tho forest of Fontainebleau, 
as in all thoso belonging to tho state, poaching is a very common and a very 
profitable offenco. It is in vain that tho gamekeepers aro on tho alert night 
and day, they cannot prevent it. Thoso who follow the trado begin by care¬ 
fully studying tho habits of the game. They will lie motionless on tho 
ground, by tho roadsido or in thickets, for wholo days, watching tho paths 
most frequented by tho animals,” etc.— Rente da Deux Monde*, Mai, 1602, p. 
100 , 

Tho writer adds many details on this subject, and it appears that, as there 
are 11 beggars on horseback ” in 8outh America, there aro poachers in carriages 
in Franco. 


23 
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rible scourge of agriculture is the abundance of wild game, 
a consequence of the privileges of the chose; the fields are 
wasted, the forests ruined, and the vines gnawed down to the 
roots.” 


Jffiects of the French Revolution . 

The abrogation of the game laws and of the harsh provisions 
of the forcstal code was one of the earliest measures of the 
revolutionary government; and the removal of the ancient 
restrictions on the chase and of the severe penalties imposed on 
trespassers upon the public forests, was immediately followed by 
unbridled license in the enjoyment of the newly conceded 
rights. 

In the popular mind the forest was associated with all the 
abuses of feudalism, and the evils the peasantry had suffered 
from the legislation which protected both it and the gamo it 
sheltered, blinded them to tho still greater physical mischiefs 
which its destruction was to entail upon them. No longer 
under the safeguard of the law, tho crown forests and those of 
the great lords were attacked with relentless fury, unscrupu¬ 
lously plundered and wantonly laid waste, and oven tho rights 
of property in small private woods ceased to be respected.* 
Various absurd theories, soino of which are not oven yet 
exploded, were propagated with regard to tho economical 
advantages of converting tho forest into pasture and plough¬ 
land, the injurious effects of tho woods upon climate, health, 
facility of internal communication, and the liko. Thus resent¬ 
ful memory of tho wrongs associated with tho forest, popular 
ignorance, and the cupidity of speculators cunning enough to 


• 11 Whole trees were saorifioed for the most insignificant purposes; the 
peasants would out down two firs to make a single pair of wooden shoos."— 
Michelet, as quoted by ClavL p. 24 . 

Jl similar wastefulness formerly prevailed in Russia, though not from the 
same oause. Zt St. PIsxto's time, the planks brought to St Petersburg were 
met sawn, hut hewn with the axe, and a tree f urnished but a single plouk. 
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turn these circumstances to profitable account, combined to 
hasten the sacrifice of the remaining woods, and a waste was 
produced which hundreds of years and millions of treasure will 
hardly repair. 

In the era of savage anarchy which followed the benefi¬ 
cent reforms of 17S9, economical science was neglected, and 
statistical details upon the amount of the destruction of woods 
during that period are wanting. But it is known to havo been 
almost incalculably rapid, and the climatic and financial ovila, 
which elsewhere have been a more gradual effect of this 
cause, began to make themselves felt in Franco within tkroo or 
four years after that memorable epoch.* 

Increased Demand for Lumber. 

With increasing population and the development of now in¬ 
dustries, come now drains upon tho forest from tho many arts 
for which wood is tho material. Tho demands of tho near and 
tho distant market for this product excite tho cupidity of tho 
hardy forester, and. a few years of that wild industry of which 
Springer’s 44 Forest Life and Forest Trees n so vividly depicts 
the dangers and tho triumphs, suffice to rob tho most inaccessible 
glens of their fairest ornaments. Tho value of timber increases 
with its dimensions in almost geometrical proportion, and tho 
tallest, most vigorous, and most symmetrical trees fall tho first 
sacrifice. This is a fortunate circumstanco for tho remainder 
of tho wood; for tho impationt lumberman contonts himself 
with felling a fow of tho best trees, and then hurries on to 
take his tithe of still virgin groves. 

* Sco ltaCQUERKL, Me mire eur la Fur&te, in the Mem, de VAoadimie 
da Scicncc* % t mv., p, 411 et eeqq . 

Similar oiroumutaneoe produced a like result, though on a far imaller soale, 
in Italy, at a very rooont period. Gallonga «ays: “ Tho dontruotion of the 
inajoiitio timber [between tho Volt Sonia and Sennora] date* no farthor book than 
1848, whon, on the fintt proclamation of the Constitution, the ignorant boor 
had takon it for gran tod that all the old social tios would be loosened, and 
therefore tho old foreet-lawa should bo at onoe sot at naught. w — Country UJe 
in Piedmont, p. 180. 
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The vast extension of railroads, of manufactures and the 
mechanical arts, of military armaments, and especially of the 
commercial fleets and navies of Christendom, within the pres¬ 
ent century, has incredibly augmented the demand for wood,* 

• Let us take the supply of timber for railroad-ties. According to Clav6 
(p. 248), Franoe had, in 1802, 0,000 kilometres of railway in operation, 7,000 
in construction, half of which is built with a double track. Adding turn-outs 
and extra tracks at stations, the number of ties required for a single track is 
stated at 1,200 to the kilometre, or, as Clav6 computes, for the entire network 
of Franco. 08,000,000. This number is too large, for 10,000 + 8,000 for the 
double track halfway = 24,000, and 24,000 x 1,200 = 28,800,000. In an article 
in the Jicvud da Deux Monday July, 1803, Gandy states that 2,000,000 trees 
had boon follod to furnish the ties for the French railroads, and as tho tics 
must bo occasionally renowod, and new railways have been constructed since 
1803, wo may probably double this number. 

Tho United States had in operation on tho first of January, 1872, 01,000 
miles, or about 07,000 kilometres, of railroad. Allowing tho Bame proportion as in 
France, the American railroads required 110,400,000 ties. Tho Report of the 
Agricultural Department of the United States for November and December, 
1800, estimates tho number of ties annually required for our railways at 30,- 
000,000, and supposes that 130,000 acres of the bent woodland must bo felled 
to supply this number. This is evidently an error, perhaps a misprint for 
15,000. The same authority calculates the annual expenditure of the Ameri¬ 
can railroads for lumber for buildings, repairs, and cars, at $38,000,000. and 
for locomotive fuel, at the rate of 10,000 cords of wood per day, at $50,- 
000,000. 

Tho walnut trees cut in Italy and Franco to furnish gunstocks to tho Ameri¬ 
can army, during our late civil war, would alone have formed a considerable 
forest, A single establishment in Northorn Italy used twenty-eight thousand 
large walnut trees for that purpose in the years 1802 and 1803. 

The consumption of wood for hicifer matches is enormous, and I have heard 
of several instances whero traots of pine forest, hundreds and even thousands 
of acres in extent, have been purchased and felled, solely to supply timber 
for this purpose. Tho United States government tax, at one cent per hun¬ 
dred, produces $2,000,000 per year, which shows a manufacture of 20,000,- 
000,000 matches. Allowing nothing for waste, there are about fifty matohes 
to tho oubio inch of wood, or 80,400 to the oubio foot, making in all upwards 
of 280,000 cubio feet, and, as only straight-grained wood, free from knots, can 
be used for this purpose, the sacrifice of not less than three or four thousand 
well-grown pines is required for this purpose. 

If we add to all this the supply of wood for telegraph-posts, wooden pave¬ 
ments, wooden wall tapestry-paper, shoe-pegs, and even wooden nails, whioh 
bars lately oome into use—not to speak of numerous other recent applications 
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and but for improvements in metallurgy and the working 
of iron, which have facilitated the substitution of that metal 


of this material which American ingenuity has devised—we have an amount 
of consumption, for entiroly now purposes, which is really appalling. 

Wooden field and garden fences aro very gencraUy used in America, and 
some have estimated tho consumption of wood for this purpose as not loss 
than that for architectural uses. 

Fully ono-half our vast population is lodged in wooden houses, and bams 
and country out-houses of all descriptions aro almost universally of tho same 
material. 

Tho consumption of wood in tho United States as fuel for domostio pur¬ 
poses, for charcoal, for brick and lime kilns, for browcrics and distilleries, for 
steamboats, and many other uhos, defios computation, and is vastly great* r 
than is employed in Europo for tho wimo ends. For Instance, in rural Swit¬ 
zerland, cold as is tho wintor olimato, tho wliolo supply of wood for domestic 
fires, dairios, breweries, distilleries, brick and limo kilns, fouoes, furniture, 
tools, and oven houho-building and small emithoricH, exclusive of tho small 
quantity dorivod from tho trimmings of fruit-trees, grape-vines, and hedgos, 
and fiom decayed fences and buildings, docs not exceed ttre hundred and 
Hurt}/cubic feet , or less than two cords a year, per household.—Soo JJcricht dber 
die Uutcnuchung dcr SeJitreis llochgcbirgsicaldungcn , pp. 85-80. In 1780, 
Arthur Young estimated the annual consumption of firewood by singlo fami¬ 
lies in Franco at from two and a half to ten Paris cords of 154 cubio foot.— 
Travels. , vol. ii., chap. xv. 

Tho report of tho Commissioners on tho Forests of Wisconsin, 1807, allows 
threo cords of wood to each person for household fires alone. Taking fami¬ 
lies at an averago of five persons, wo liavo eight times tho amount consumed 
by an equal number of persons in Switzerland for this and all other purposos 
to which this material is ordinarily applicablo. I do not think tho consump¬ 
tion in the North-eastern States is at all less than tho calculation for Wis¬ 
consin. 

Evergreen trees are of ten destroyed in immense numbers in tho United Sates 
for tho purpose of decoration of churches and on other festivo occasions. 
The New York city papers reported that 113,000 young overgreon trees, be¬ 
sides 20,000 yards of t-mall branches twisted into festoons, wero sold in the 
markets of that city, for this uro, at Christmas, in 1800. At tho Cinoinn&ti 
Industrial Exhibition of 1872, throo miles of evergreen festoons wero hung 
upon tho beams and rafters of tho “ Floral Hall.” 

Important statistics on tho consumption and supply of wood in tho United 
States will bo found in a valuablo paper by tho Rev. Frederick Starr, Jr., in 
tho Transactions of Vis Agricultural iSoeicty for —. 

Of course, there is a vast consumption of lignoous material for all these uses 
in Europe, but it is greatly less than at earlier periods. The waste of wood 
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for wood, the last twenty-five years would have almost stripped 
Europe of her last remaining tree fit for these uses.* 


in European carpentry was formerly enormous, the beams of houses being* 
both larger and more numerous thau permanence or stability required. In 
examining the construction of the houses occupied by the eighty families 
which inhabit the village of Fauoigny, in Savoy, in 1804, the forest inspector 
found that fifty thousand trees had been employed in building them. The 
builders 41 seemed, 1 ' says Hudry-Menos, “ to have tried to* solve the problem 
of piling upon the walls the largest quantity of timber possiblo without crush¬ 
ing them."—> Ilcvue tin Deux Monde «, 1st Juno, 1804, p, 001. 

European statistics present comparatively few facts on this subject, of 
special interest to American readers, but it is worth noting that France em¬ 
ploys 1,000,000 cubio feet of oak per year for brandy and wino casks, which is 
about hulf her annual consumption of that material; and it is not a wholly 
insignificant fact that, according to Rcntzsch, the quantity of wood used in 
parts of Ocrmany for small carvings and for children's toys is so largo, that the 
export of such objects from the town of Sonneberg aljne, amounted, in 1803, 
to 00,000 centner, or throe thousand tons' weight.— Der WM y p. 08. 

In an article in the lie we dee Earn ct For6tt for November, 1808, it is 
stated that 200,000 dozens of drums for boys aro manufactured per month in 
Paris. This is equivalent to 28,800,000 per year, for which 00,000,000 
drumsticks are required, and the writer supposes that the annual growth of 
00,000 acres of woodland would not more than supply the material. In the 
same article the consumption of matches in France is givon at 7,200,000,- 
000, and the quantity of lumber annually required for this manufacture is 
computed at 80,000 stores, or eubio metres—evidently an erronoous oaloulation. 

* Besides the substitution of iron for wood, a great saving of consumption 
of this latter material has been effected by the revival of ancient methods of in¬ 
creasing its durability, and the invention of now processes for the same purpose. 
The most effectual preservative yet discovered for wood employed on land, is 
sulphate of coppor, a solution of whioh is introduced into the pores of tlio 
wood while green, by soaking, by forcing*pumps, or, most economically, by 
the simple pressure of a column of the fluid in a small pipe connected with tho 
end of the piece of timber subjected to the treatment. Clavd (fitudee Fo* 
raticrc* , pp. 240-240) gives an interesting account of the various processes em¬ 
ployed for rendering wood imperishable, and states that railroad-ties injected 
with sulphate of copper in 1840, wore found absolutely unaltered in 1855; and 
telegraphic posts prepared two years earlier, are now in a state of perfect 
preservation. 

For many purposes, the method of injection is too expensive, and some 
simpler process is much to bo dosired. The question of the proper time of 
felling timber is not settled, and the best modes of air, water, and steam 
seasoning ore not yet fully ascertained. Experiments on theeesubjoots would 
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I have spoken of the foreign demand for American agricul¬ 
tural products os having occasioned an extension of cultivated 
ground! which had led to clearing land not required by tho 
necessities of home consumption. But the forest iteclf has be¬ 
come, 60 to speak, an article of exportation. England, as we 
have seen, imported oak and pine from the Baltic ports more 
than 6ix hundred years ago. She has since drawn largely on 
tho forests of Norway, and for many years has received vast 
quantities of lumber from her American possessions. 

Tho unparalleled facilities for internal navigation, afforded 
by tho numerous rivers of tho present and former British colo¬ 
nial possessions in North America, havo proved very fatal to the 
forests of that continent. Quebec became many years ago a 

be well worth tho patronngo of Governments iu now countries, whoro they can 
be very easily made, without tho necessity of much wasto of valuable mute* 
rial, and without expensive arrangements for observation. 

The practice of stripping living trees of their bark somo years before they 
arc felled, is as old as tho time of Vitruvius, but is much less followod than it 
deserves, partly because tho timbor of trees so treated inclines to crack and 
split, and partly becauso it becomes so hard as to be wrought with consider¬ 
able difficulty. 

In America, economy in tho consumption of fuel has been much promoted 
by tho substitution of coal for wood, tho general use of stoves both for wood 
and coal, and recently by the employment of anthracito in tho fumacos of 
stationary and locoxnotivo steam-engines. All tho objections to tho uso of 
anthracite for this latter purpose apj>car to have been ovorcome, and tho im¬ 
provements in its combustion havo been attended with a groat pecuniary sav¬ 
ing, and with much advantngo to tho preservation of tho woods. 

Tho employment of coal bos produced a great reduction in the consumption 
of firewood in Paris. In 1815, the supply of firewood for the city required 
1,200,000 xtircs, or cuUo metres; in 1850 it had fallon to 501,805, while, in 
the meantime, the consumption of coal bad rison from 600,000 to 4,620,000 
metrical quintals. Sco Clavk, fitmle*, p. 213. 

In 1SG0 Paris consumod 051,157 *tcra of firowood, 4,002,414 heotolitros, 
or more than 13,000,000 bushels, of charcoal, and 0,872,000 metrical quintals, 
or more than 7,000,000 tons of mineral cool.— -Annmire dt la Rceue det Eaux 
€t Fortt* for 1872, p. 20. 

The increase in the price of firewood at Paris, within a century, bos been 
comparatively small, while that of timber and of sawed lutnbor has inoreased 
enormously. 
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centre for a lumber trade, which, in the bulk of its material, and, 
consequently, in the tonnage required for its transportation, 
rivalled the commerce of the greatest European cities. Immense 
rafts were collected at Quebec from the great Lakes, from the 
Ottawa, and from all tho other tributaries which unite to swell 
the current of the St. Lawrence and help it to struggle against 
its mighty tides.* Ships, of burden formerly undreamed of, 
have been built to convey tho timber to tho markets of Europe, 
and during tho summer months the St. Lawrence is almost as 
crowded with shipping as the Thames.f 

* The tido rises at Quobeo to the height of twenty-five feet, and when it is 
aided by a north-east wind, it flows with almost irresistible violence. Rafts 
containing several hundred thousand cubic feet of timbor are often caught by 
the flood-tide, tom to pieces, and dispersed for miles along the shores. 

f One of these, the Baron of Renfrew—so named from one of tho titles of 
the kings of England—built forty or fifty yoars ago, measured 0,000 tons. 
They wero little else than rafts, being almost solid masses of timber designed 
to be taken to pieoes and sold as lumber on arriving at their port of desti¬ 
nation. 

The lumber trade at Quebec is still vory large. According to an articlo in 
the licoue de* Deux Monde*, that city exported, in 1800, 30,000,000 cubic feet 
of squared timber, and 400,000,000 square foot of “ planches.” The thickness 
of tho boards is not stated, but I believe they are generally cut an inch and a 
quarter thick for the Quoboo trado, and as they shrink somewhat in drying, 
we may estimate ten square for ono cubic foot of boards. This gives a totul of 
70,000,000 oubio feet. Tho specific gravity of white pine is .554, and the 
weight of this quantity of lumber, very little of which is thoroughly scusoned, 
would exceed a million of tons, even supposing it to consist wholly of wood as 
light as pine. 

The London Time* of Oot. 10, 1871, states the exportation of lumber from 
Canada to Europe, in 1870, at 200,000,000 cubic feet, and adds that more than 
three times that quantity was sent from the same province to the United 
Statos. A very large proportion of this latter quantity goes to Burlington, 
Vermont, whenoe it is distributed to othor parts of the Union. 

'Chore must, I think, be some error or exaggeration in these figures. Perhaps 
instead of oubio feet we should read square feet Two hundred millions of 
cubic feet of timber would require more than half the entire tonnage of Eng¬ 
land for its transportation. 

I suppose the quantities in the following estimates, from a carefully prepared 
article in the St. Louie Republican , must be understood as meaning square or 
superficial feet, board measuro, allowing a thickness of one inoh: 

44 The lumber trade of Michigan, Wisconsin, and Minnesota, for the year 
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Effects of Forest Fires . 

The operations of the lumberman involve other dangers to 
the woods besides the loss of the trees felled by him. The 
narrow clearings around his shanties form openings which let 
in the wind, and thus sometimes occasion the overthrow of 
thousands of trees, the fall of which dams up small streams, 
and creates bogs by the spreading of the waters, while the de¬ 
caying trunks facilitate the multiplication of the inrects which 
breed in dead wood and are, some of them, injurious to living 
trees. The escape and spread of camp-fires, however, is the 
most devastating of all the causes of destruction that find their 
origin in the operations of the lumberman. The proportion of 
trees fit for industrial uses is small in all primitive woods. Only' 
these fall before the forester’s axe, but the fire destroys, almost in¬ 
discriminately, every age and every species of tree.* While, then, 

1SC0, aliowa the amount out as being 1 2,020,072,235 feet for tho Stato of 
Michigan, and 317,400,000 feet for the Stato of Minnesota, and 004,000,000 
feet for tho Stato of Wisconsin. This includoB tho lako shore and tho wholo 
State of Wisconsin, which heretoforo has been difficult to get a report from. 
Tho total amount out in theso States was 3,311,372,255 foot, and that to 
obtain this quantity thcro have been shipped 883,032 acres, or 1,380 square 
miles of pino have been removed. It is calculated that 4,000,000 acres of land 
still remain unstripped in Michigan, which will yield 15,000,000,000 feet of lum¬ 
ber ; while 3,000,000 acres aro still stauding in Wisconsin, which will yield 11,- 
250,000,000 feet, and that which remains in Minnesota, taking tho cstimato of a 
few years since of that which was surveyed and unexplored, aftor deducting 
tho amount cut tho past few years, wo find 3,030,000 acres to bo tbo proper 
estimato of trees now standing which will yield 32,302,500,000 feet of lumber. 
This mokes a total of 15,030,000 acres of pino lands, which remain standing in 
tho abovo States, that wiU yield 58,012,500,000 foot of lumber, and it is thought 
that fifteen or twenty years will bo required to cut and scud to markut tho 
trees now standing." 

See also Buy ant, Forest Trees, chap. iv. 

* Trees differ in their powor of resisting tho action of forest fires. DifTor- 
ent woods vary groatly in combustibility, and oven when tho bark is scarcely 
scorched, trees are, partly in consequence of physiological character, and 
partly from tho greater or less depth at which their roots habitually lio below 
the surface, differently affected by running fires. Tho white pino, Vina* 
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without fatal injury to the younger growths, the native forest will 
bear several “ cuttings over ” in a generation—for the increasing 
valuo of lumber brings into U6e, every four or five years, a 
quality of timber which had been before rejected as unmarket¬ 
able—a fire may render the declivity of a mountain unproduc¬ 
tive for a century.* 

Aside from the destruction of the trees and the laying bare of 
the soil, and consequently the freer admission of sun, rain, and air 
to thegrouud, the fire of itself exerts an important influence on 
its texture and condition. It cracks and sometimes oven pulveri- 

ttrobvi , as it is the most valuable, is also perhaps the most dolioato troo of tho 
American forest, while ite congener, the Northern pitch-pine, Pi nun riyida, is 
loss injurod by fire than any other tree of that country. I have heard expe¬ 
rienced lumbermen maintain that the growth of this pino was even accele¬ 
rated by a fire brisk enough to destroy all other trees, and I have myself seen 
it still flourishing after a conflagration which had left not a green leuf but its 
own in the wood, and actually throwing out fresh foliage, when tho old had 
been quite burnt off and the bark almost converted into charcoal. The wood 
of the pitch-pine is of comparatively littlo value for the joiner, but it is useful 
for very many purposes. Its rapidity of growth in even poor soils, its hardi¬ 
hood, and its abundant yield of resinous products, entitle it to much more 
oonsidoration, as a plantation treo, than it has hitherto received in Europe or 
America. 

* Betwoon sixty and seventy years ago, a steep mountain with which I am 
familiar, composed of metamorphio rock, and at tliAt timo covered with a 
thick ooating of soil and a donee primeval forest, was accidentally burnt over. 
The fire took place in a very dry season, the slope of the mountain was too 
rapid to retain much wator, and the conflagration was of an extraordinarily 
fierce character, consuming tho wood almost entirely, burning tho loaves and 
combustible portion of tho mould, aud in many places cracking and disinte¬ 
grating the rock beneath. The rains of tho following autumn oarried ofI much 
of the remaining soil, and the mountain-side was nearly bare of wood for 
two or three years afterwards. At length a new crop of trees sprang up and 
grew vigorously, and the mountain is now thickly oovorod again. But the 
depth of mould and earth is too small to allow tho troes to reach maturity. 
Whon they attain to tho diameter of about six inobos, they uniformly dio, and 
this they will no doubt oontinuo to do until the decay of leaves and wood on 
the surface, and the decomposition of tho subjacent rock, shall have formed, 
perhaps hundreds of years houoo, a stratum of soil thiok enough to support a 
full-grown forest. Under favorable oondittons, however, as in the oomo of tho 
fire of Miramlohi, a burnt forest renews itsolf rapidly and permanently. 
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zes the rocks and stones npon and near the surface; * it con¬ 
sumes a portion of the half-decayed vegetable mould which 
served to hold its mineral particles together and to retain the 
water of precipitation, and thus loosons, pulverizes, and dries 
the earth; it destroys reptiles, insects, and worms, with their 
eggs, and the seeds of trees and of smaller plants; it supplies, 
in the ashes which it deposits on the surfaco, important ele¬ 
ments for the growth of a now forest clothing, as well as of tho 
usual objects of agricultural industry ; and by the changes thus 
produced, it fits tho ground for tho reception of a vegetation 
different in character from that which had spontaneously cov¬ 
ered it. Thcso now conditions help to explain tho natural 
succession of forest crops, so gonorally observed in all woods 
cleared by fire and tlion abandoned. There is no doubt, how* 
ever, that other influences contribute to tho same result, be¬ 
cause effects more or less analogous follow when tho trocs aro 
destroyed by other causes, as by high winds, by tho woodman’s 
axe, and oven by natural decay, f 


* In tho burning over of a hill-forest in tho Lower Engadino, in September, 
1805, the fire was so intenso as to shatter and calcino tho rocks on tho slope, 
and their fragments wero precipitated into the valley below.— F<f 
restate del liiyno <f Italia, Ottobre, 1805, p. 474. 

f Tbo remarkable mounds and other earthworks constructed iu tbo valley 
of the Ohio and elsewhere in tho territory of tho United States, by a pcoplo 
apparently more advanced in culture than tbo modem Indian, were overgrown 
with a dense clothing of forest when first discovered by tho whites. Hut 
though tho ground where they were erected must havo boon occupied by a 
largo population for a considorablo length of tiino, and therefore entirely 
cleared, tho trees which grow upon tho ancient fortresses and tho adjacent 
lands wore not distinguishable in species, or cvcu in dimensions and character 
of growth, from tho neighboring forests, where tho soU sco?ncd never to have 
boon disturbed. This apparent exception to tho law of chango of orop in 
natural forest growth was ingeniously explained by General Harrison's sugges¬ 
tion, that tho lapso of time sinco tho era of tho mouud-buildcrs was so groat 
as to havo ombraood sevoral successive gonorations of troos, and occasioned, 
by their rotation, a return to the original vegetation. 

Tho suoeossive changes in tho spontaneous growth of tho forest, as proved 
by the chamotor of the wood found in bogs, aro such as to have suggested tho 
theory of a considerable ohange of olimate during the human period. But 
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Another evil, sometimes of serious magnitude, which attends 
the operations of the lumberman, is the injury to the banks of 
rivers from the practice of floating. I do not here allude to 
rafts, which, being under the control of those who navigate 
them, may be so guided as to avoid damage to the shore, but 
to masts, logs, and oilier pieces of timber singly entrusted to 
the streams, to bo conveyed by their currents to sawmill ponds, 

this theory cannot be admitted upon the evidence in question. In fact, the 
order of succession—for a rotation or alternation is neither proved nor 
probable— may bo made to move in opposite directions in different countries 
with tho same climate and at the same time. Thus in Donmark and in Hol¬ 
land tho spike-leaved firs havo given place to the broad-loavcd beech, whilo in 
Northern Germany the process has boen roversod, and evergreens havo sup¬ 
planted the oaks and birches of deoiduous foliage. The principal determining 
cause seems to be the influence of light upon the germination of tho seeds 
and the growth of tho young troe. In a forest of firs, for instance, the dis¬ 
tribution of the light and shade, to tho influence of which seeds and shoots 
are exponod, is by no means the same qb in a wood of beeches or of onks, and 
henoe tho growth of different species will be stimulated in the two forests. 

When ground is laid bare both of trees and of vegetable mould, and left to 
the action of unaided and unobstructed naturo, sho first propagates trees 
which germinate and grow only under the influence of a full supply of light 
and air, and then, in succession, other Bpecics, according to their ability to 
bear the shade and their demand for more abundant nutriment. In Northern 
Europe tho larch, the white birch, the aspen, first appear; then follow tho 
maple, the alder, the ash, the fir; then tho oak and the linden; and then the 
bceoh. The trees called by these respective names in the United States are 
not specifically the same as their European namesakes, nor are they always 
oven the equivalents of these latter, and therefore the order of succession in 
America would not be precisely as indicated by the foregoing list, but, so far 
as is known, it nevertheless very nearly corresponds to it. 

It is thought important to enoourago tho growth of the bocoh in Denmark 
and Northern Germany, because it upon the whole yields bettor returns than 
other trees, and does not exhaust, but on the contrary enriohos, tho soil; for 
by shodding its leaves it returns to it most of the nutriment it has drawn from 
it, and at the same time furnishes a solvent which aids materially in the de¬ 
composition of its mineral constituents. 

When the forest is left to itself, the order of suocession is oonstant, and its 
occasional inversion is always explicable by some human intorferenoe. It is 
ouxious that the trees whioh require most light are oontent with the poorest 
■oils, and vice versa. The trees whioh first appear are also those whioh pro¬ 
pagate themselves farthest to the north. The birch, the larch, and the dr 
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or to convenient places for collecting them into rafts. The 
lumbermen usually haul the timber to tho banks of tlio rivers 
in the winter, and when the spring floods swell tho streams and 
break up the ice, they roll tho logs into tho water, leaving them 
to float down to their destination. If the transporting stream 
is too small to furnish a sufficient channel for this rude naviga¬ 
tion, it is sometimes dammed up, and tho timber collected in 
the pond thus formed above the dam. When tho pond is full, a 
sluice is opened, or tho dam is blown up or otherwise suddenly 
broken, and tho whole mass of lumber above it is hurried down 
with the rolling flood. Both of these modes of proceeding ox- 
posc tho banks of the rivers employed as channels of flotation to 
abrasion,* and in some of tho American States it has been found 
necessary to protect, by special legislation, tho lands through 
which they flow from tho serious injury sometimes received 
through tho practices I have dcscribcd.f 

bear a severer climato thou tho oak, the oak than tho beech. “ TIicho paral¬ 
lelisms,” says Vaupell, “ aro very interesting, beenuso, though they nro entirely 
independent of each other,” they all prcscribo tho same order of snccoMhion.— 
Bbgrus lndvandring , p. 42. See also Beuo, Das Vcrdrilngcndir Laulnrfildrr 
tin Xurdliehen Bcutue bland, 184*1. IIeykr, Das Vcrhaltcn dcr MaldMumc 
gegen LU ht vnd Schatten , 18.12. Stamina, De Bo dan ran Xcdtrhmd, 18.10, 
L, pp. 120-200. Vaupell, De Da nuke Skate, 1SG3. Kxouit, Studies uber 
die Muchai- Wirthschaft, 1803. A. Maury, La ForCti de la G (title, pp. 73,74, 
877, 384. 

* Caimi states that “ a singlo flotation in tho Valtcllino, in 1630, caused 
damages appraised at $250,000 .”—Cenni sulla Importanza e Coltura dei Bos- 
c 7 ii, p. 05. 

f Many physicists whohavo investigated tho laws of natural hydraulics main¬ 
tain that, in consequence of direct obstruction and frictional resistance to tbo 
flow of tho wator of riven along their banks, there is both an increased rapid¬ 
ity of current and an elevation of tho water in tho middlo of tho channel, so 
that a river presents always a convox surfaco. Others havo thought that 
the acknowledged greater swiftness of tho ccutral current must pvoduco a 
depression in that part of tho stream. The lumbermen afllrm that, while 
rivers aro rising, the wator is highest in tho middle of the channel, and 
tends to throw floating objects shorewards; while they are falling, it is lowest 
in the middle, and floating objeots inclino towards tho centre. Logs, thoy say, 
lolled into the water during the rise, aro very apt to lodgo on tho banks, while 
those set afloat during the falling of the wators keep in the current, and are 
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Restoration of the Forest . 

In most countries of Europe—and I fear in many parts of 
the United States—the woods are already so nearly extirpated, 
that the mere protection of those which now exist is by no means 
an adequate security against a great increase of the evils which 
have already resulted from the diminution of them. Besides 
this, experience 1ms shown that where the destruction of the 
woods has been carried beyond a certain point, no coercive legis¬ 
lation can absolutely secure the permanence of the remainder, 
especially if it is held by private hands. The creation of new 
forests, therefore, is generally recognized, wherever the subject 
lm9 received the attention it merits, as an indispensable measure 
of sound public economy. Enlightened individuals in some 
European states, the Governments in others, have made exten¬ 
sive plantations, and France, particularly, has now set herself 
energetically at work to restore the woods in her southern 

carried without hindrance to their destination, and this law, which has been 
a matter of familiar observation among woodmen for generations, is now 
admitted as a scientific truth. 

Foresters and lumbermen, like sailors and other persons whoso daily occu¬ 
pations bring thorn into contact, and often into conflict, with great natural 
forces, have many peculiar opinions, not to say superstitions. In one of these 
categories wo must rank the universal belief of lumbermen, that with a given 
head of water, and in a given number of hours, a sawmill outs more lumber 
by night than by day. Having boon personally interested in several sawmills, 
J have frequently conversed with sawyers on this subject, and have always 
boon assured by them that thoir uniform experience established the faot that, 
other things being equal, the aotion of the machinery of sawmills is more 
rapid by night than by day, I am sorry—perhaps I ought to 1>e ashamed—to 
say that my skepticism has beon too strong to allow me to avail myself of 
my opportunities of testing this quostion by passing a night, watch in hand, 
counting the strokes of a millsaw. More unprejudiced, and, I must add, very 
intelligent and oredlble persons have informed me that they have done so, and 
found the.report of the sawyers abundantly confirmed. A land surveyor, 
who was also an experienced lumberman, sawyer, and machinist, a good ma¬ 
thematician and an ooourate observer, has repeatedly told me that he had 
very often “timed” sawmills, and found the difference in favor of night- 
work above thirty per oent 8sd guar*. 
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provinces, and thereby to prevent the utter depopulation and 
waste with which that once fertile soil and genial climate are 
threatened. 

The objects of the restoration of tho forest are as multi¬ 
farious as the motives that have led to its destruction, and as 
tho evils which that destruction has occasioned. It is hoped 
that the replanting of the mountain slopes, and of bleak and 
infertile plains, will diminish tho frequency and violence of 
river inundations, prevent tho formation of now torrents and 
check tho violence of those already existing, mitigate the ex¬ 
tremes of atmospheric temperature, humidity, and precipitation, 
restore dried-up springs, rivulets, and sources of irrigation, 
shelter tho fields from chilling and from parching winds, arrest 
tho spread of miasmatic effluvia, and, finally, furnish a self- 
renewing and inexhaustible supply of a material indisponsablo 
to so many purposes of domestic comfort, and to tho successful 
exorcise of evory art of peace, every destructive energy of 
war.* 


The Economy of the Forest . 

Tho legislation of European states upon sylviculture, and tho 
practice of that art, divide themselves into two great branches 
•—the preservation of existing forests, and tho creation of now. 
Although thcro are in Europe many forests neither plantod 
nor regularly trained by man, vet from tho long operation of 
causes already sot forth, what is understood in America and 
other now countries by tho 44 primitive forest,” no longer exists 
in tho territories which wero tho scats of ancicut civilization 
and empire, except upon a small scalo, and in remoto and 
almost inaccessible glens quite out of the reach of ordinary 
observation. Tho oldest European woods aro indeed native, 

• Tbs preservation of tho woods on tbe foraor eastern frontier of France, 
as a kind of natural abattis, was recognize 1 by tbe Govormnont of that 
country ns an important measure of military dofonoe, though there have been 
oouQiotin; opinions on the subjeot. 
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that is, sprung from 6olf-sown seed, or from tho roots of trees 
which have been felled for human purposes; but their growth 
has been controlled, in a variety of ways, by man and by do¬ 
mestic animals, and they almost uniformly present more or less 
of an artificial character and arrangement. Both they and 
planted forests—which, though certainly not few, are of com¬ 
paratively recent date in Europe—demand, as well for protec¬ 
tion as for promotion of growth, a treatment different in some 
respects from that which would bo suited to the character and 
wants of the virgin wood. 

On this latter branch of the subject, tho management of 
the primitive wood, experience and observation havo not yet 
collected a sufficient stock of facts to serve for the construction 
of a complete system of this department of sylviculture ; but 
the government of the forest as it exists in France—tho differ¬ 
ent zones and climntes of which country present many points 
of analogy with those of the United States and of some of the 
British colonies—lias been carefully studied, and several manuals 
of practice have been prepared for the foresters of that empiro. 
I believe the Cours file men t air e do Culture dcs Boh crii a 
Vficole Forestiere de Nancy , par 1L Lorentz , complete el 
jmllie par A . Parade , with a supplement under the title of 
Coura d'Amenagemcnt dcs Forets,par Ilenri Nan qucUe, has 
been generally considered the best of these. The fitudes sur 
Vficonomie Forestiere, par Jules Clave , which I havo often 
quoted, presents a great number of interesting views on this 
subject, but it is not designed as a practical guide, and it does 
not profess to bo sufficiently specific in its details to serve that 
purpose.* Notwithstanding the difference of conditions be¬ 
tween the aboriginal and tho trained forest, the judicious ob¬ 
server who aims at tho preservation of the former will reap 

* Among more recent manuals may bo mentioned: in French, La fituda de 
Jfaltre Pierre , Paris, 1804, 12mo; Bazelathe, Traite de IUboiscment, 2d edi¬ 
tion, Paris, 1804; Paston, L'Amlnagement da Fonts, Paris, 1807; in English, 
Ghegor, Arboriculture, Edinburgh, lbuti; in Italian, Siemoni’s very valuable 
Manuals teorico-pratico d'Arte Forestall 2d edia., Firense, 1872; the ex- 
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much instruction from the treatises I liavo citod, and I believo 
he will be convinced that the 6ooncr a natural wood is brought 
into the state of an artificially regulated one, the better it is for 
all the multiplied interests which depend on the wise adminis¬ 
tration of this branch of public economy. 

One consideration bearing on this subject has received less 
attention than it merits, because most persons interested in such 
questions have not opportunities for the comparison I refer to, 
I mean the great general superiority of cultivated timber to 
that of strictly spontaneous growth. I say general superiority, 
because there are exceptions to tho rule. Tho white pine, 
Pvius strains, for instance, and other trees of similar character 
and uses, require, for their perfect growth and best ligneous 
texture, a density of forest vegetation around them, which pro¬ 
tects them from too much agitation by wind, and from tho per¬ 
sistence of tho lateral branches which fill tho wood with knots. 
A pine which has grown under those conditions possesses a tall, 
straight stem, admirably fitted for masts and spars, and, at tho 
same time, its wood is almost wholly free from knots, is regular 
in annular structure, soft and uniform in texture, and, conse¬ 
quently, superior to almost all other timber for joinery. If, 
while a largo pine is spared, tho broad-leaved or other smaller 
trees around it are felled, the swaying of tho tree from tho 
action of tho wind mechanically produces separations between 
the layers of annual growth, and greatly diminishes the value 
of tho timber. Tho same defect is often observed in pines 
which, from some accident of growth, have much overtopped 
their fellows in tho virgin forest. 

Tho white pine, growing in tho fields, or in open glades in 
the woods, is totally different from tho true forest-tree, both in 
general aspect and in quality of wood. Its 6tcm is much 

cellont work of Certxi, Dei Vantnggi <li Soctitd , por VImpianto e Conser • 
tnzione dci Doschi, , Milano, 1844, 8vo; and tho prizo essay of Mkqusciikii, 
Memoria tui Boschi, etc., 2d edizione, Milano, ISoO, bvo. Another very im¬ 
portant treatise on the uses of tho forest, though not a manual of sylviculture,, 
is Scixleioen, Fur Baum and 11W, Leipzig, 1870. 
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shorter, its top less tapering, its foliage donser and more 
inclined to gather into tufts, its branches more numerous and of 
larger diameter, its wood shows much more distinctly the 
divisions of annual growth, is of coarser grain, harder and more 
difficult to work into mitre-joints. Intermixed with the most 
valuable pines in the American forests, are met many trees of 
the character I have just described. The lumbermen call them 
u saplings,” and generally regard them as different in species 
from the true white pine, but botanists are unable to establish 
a distinction between them, and as they agree in almost all 
respects with trees grown in the open grounds from known 
white-pine seedlings, I believe their peculiar character is duo 
to unfavorable circumstances in their early growth. The pine, 
then, is an exception to the general rulo as to the inferiority of 
the forest to the open-ground tree. The pasture oak and 
pasture beech, on the contrary, are well known to produce far 
better timber than those grown in the woods, and there are few 
.trees to which the remark is not equally applicable.* 


•It is often laid down as a universal law, that the wood of trees of slow 
vegetation is superior to that of quiok growth. This is one of fclioso common¬ 
places by which men love to shield themselves from tho labor of painstaking 
observation. It has, in foot, so many exceptions, that it may be doubted 
whother it is in any senso true. Most of the cedars aro slow of growth; but 
while the timber of some of them is firm and durable, that of others is light, 
brittle, and perishable. The hemlock-spruce is slower of growth than the 
pines, but its wood is of very littlo value. The pasture oak and beech show a 
breadth of grain—and, of courso, an annual increment—twice as great ns trees 
of the same species grown in tbo woods; and the American locust, lMtinia 
jmtwlaeaeia, the wood of which is of extreme toughness and durability, is, of 
aU trees indigenous to North-eastern Amerioa, by far the most rapid in growth. 
Somo of the speoios of the Australian Eucalypti* furnish wood of roinarkable 
strength and durability, and yet the euoalyptus is surpassed by no known troe 
in rapidity of growth. 

As an illustration of the mutual intordependonoo of tho meohanio arts, 
X may mention that in Italy, whore stone, brick, and plaster are almost tho 
only materials used in architecture, and whore the “hollow ware*' kitchen 
implements' are of oopper or of oluy, tho ordinary tools for working wood aro 
of a very inferior description, and tho loeust timber is found too hard for their 
tamper. At the same time tho work of tho Italian ttipcUai, or cabinet-makers, 
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Another advantage of the artificially regulated forest is, 
that it admits of such grading of the ground as to favor the 
retention or discharge of water at will, while the facilities it 
affords for selecting and duly proportioning, os well as prop¬ 
erly spacing, and in felling and removing, from time to time, 
the trees which compose it, are too obvious to require to bo 
more than hinted at. In conducting theso operations, wo must 
have a diligent eye to the requirements of nature, and must ro- 
member that a wood is not an arbitrary assemblage of trees to 
bo selected and disposed according to the caprice of its owner. 
“ A forest,” says Clavd, “ is not, as is often supposed, a simple 
collection of trees succeeding each other in long perspective, 
without bond of union, and capable of isolation from each other; 
it is, on the contrary, a whole, the different parts of which are 
interdependent upon each other, and it constitutes, 60 to speak, 
a true individuality. Every forest lias a special character, de¬ 
termined by the form of the surface it grows upon, the kinds 
of trees that compose it, and the manner in which they aro 
grouped.” 

The art, or, as the Continental foresters rather ambitiously 
call it, the science of sylviculture has been so little pursued in 
England and America, that its nomenclature has not been in¬ 
troduced into the English vocabulary, and it would not be pos¬ 
sible to describe its processes with technical propriety of lan¬ 
guage, without occasionally borrowing a word from the forest 


and carvers in wood, who take pains to proviso themselves with tools of better 
metal, is wholly unsurpassed in finUh anrl in accuracy of adjustment as wcU as 
in tasto. When a srnaU quantity of mahogany was brought to England, early 
in tho last century, the cabinet-makers woro unable to uso it, from tho defective 
temper of their tools, until the demand for furnituro from tho now wood com¬ 
pelled them to improvo tho quality of their implements. In Amorica, the 
cheapness of wood long mmlo it the prcfcrablo material for almost all purposes 
to which it could by any possibility bo applied. Tho mechanical cutlery and 
artisans* tools of the United States aro of admirable tompor, finish, and con¬ 
venience, and no wood is too hard, or otherwise too refractory, to bo wrought 
with groat facility, both by hand-tools and by tho multitude of ingenious 
machines which the Americans have invented for this purpose. 
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literature of France and Gormany. A full discussion of tlio 
methods of sylviculture would, indeed, be out of place in a 
work like the present, but the want of conveniently accessible 
means of information on the subject, in the United States, will 
justify me in presenting it with somewhat more of detail than 
would otherwise be pertinent. 

The two best known methods of treating already existing 
forests aro those distinguished as the taillis , copse or coppice 
treatment,* and the futaie, for which I find no English equiva¬ 
lent, but which may not inappropriately be called the full- 
growth system. A taillis , copse, or coppice, is a wood compos¬ 
ed of shoots from the roots of trees previously cut for fuel and 
timber. The shoots are thinned out from time to time, and 
finally cut, either after a fixed number of years, or after the 
young trees have attained to certain dimensions, their roots be¬ 
ing then loft to send out a new progeny as before. This is the 
cheapest method of management, and therefore the best wher¬ 
ever the price of labor and of capital bears a high proportion 
to that of land and of timbor; but it is essentially a wasteful 
economy, f If the woodland is, in the first place, completely cut 

* Copse, or coppice , from tho French eouper , to out, means properly a wood 
tho trees of which are out at certain periods of immature growth, and allow¬ 
ed to shoot up again from the roots; but it has come to signify, very common¬ 
ly, a young wood, grove, or thioket, without reference to its origin, or to its 
character of a forest orop. 

f “In America," says Clav6 (p. 124, 125), “whorethere is a vast extent of 
land almost without peouniary value, but where labor is dear and the rate of 
interest high, it is profitable to till a large surface at tho least possible cost; 
extensive cultivation is there the most advantageous. In England, Franco, and 
Germany, where every oorner of soil is oooupied, and the least bit of ground 
is sold at a high prioe, but where labor and oapital are comparatively cheap, it 
is wisest to employ intensive cultivation. . . All the efforts of the culti¬ 

vator ought to be directed to the obtaining of a given result with the least 
saoxifice, and there is equally a loss to tho commonwealth if the application of 
improved agricultural processes be negleoted where they are advontagoous, or 
if they be employed where they are not required. . . In this point of 

view, sylviculture must follow the same laws as agriculture, and, like it, bo 
modified aooording to the economical oonditions of different states. In coun¬ 
tries abounding In good forests, and thinly peopled, elementary and olieap 
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over, as is found most convenient in practice, the young shoots 
have neither the shade nor the protection from wind so impor¬ 
tant to forest growth, and their progress is comparatively slow, 
while, at the same time, the thick clumps they form choke the 
seedlings that may have sprouted near them.* The evergreens, 
once cut, do not shoot up again,f and the mixed character of 
the forest—in many respects an important advantage, if not an 
indispensable condition of growth—is lost; J and besides this, 


methods must bo pursued; iu civilized regions, whero a douse population re¬ 
quires that the soil shall bo made to produco all it can yield, tho regular arti¬ 
ficial forest, with all tbo processes that scicnco teaches, should bo cultivated. 
It would bo absurd to apply to tho endless woods of Brazil and of Canada the 
method of tho Spcssarfc by “ double stages,” but not less so in our country, 
whero ovciy yard of ground has a high value, to leave to nuturo tho task of 
propagating trees, and to content oursclvos with cutting, ovory twonty or 
twenty-five years, tho mengro growths that chanco may havo produced.” 

• In ordinary coppices, thero aro few or no seedlings, because tho young 
shoots aro cut before they aro old enough to mature fortilo sood, and this is one 
of the strongest objections to tho system. 

t It was not long ago stated, upon tho evidence of tho Qovemmont forest¬ 
ers of Greoco, and of the queen's gardonor, that a largo wood has been discov¬ 
ered in Arcadia, consisting of a fir which has tbo property of sending up both 
vertical and lateral shoots from the stump of felled trees and forming a new 
crown. It was at first supposed that this forest grow only on tho “ moun¬ 
tains,” of which tho hero of About’s most amusing story, Le llul da Montagna, 
was u king; ” but stumps, with the shoots attached, havo been sont to Ger¬ 
many, and recognized by nblo botanists as truo natural products, and tho fact 
must now be considered as established. Daubeny refers to Theophrastus as 
ascribing this faculty of reproduction to tbo i\arr] or fir, but he does not cite 
chapter and verso, and I have not been ablo to find tho passage. Tho samo 
writer mentions a caso whero un entiro forest of tho common fir in Frauco had 
been ronewod in this way.—Trees and Shrub* of the Ancient*, 1SG3, pp. 27-28. 
The American Northern pitch possesses tho samo power in a certain degree. 

Aocording to Charles Martins, tho codar of Mount Atlas—whiob, if no tidonti- 
cal with the codar of Lobauon, is closely alliod to it—possesses tho same 
power.— Reeve da Deux Monda, July lo, 18G4, p. 315. 

t Natural forests are rarely, if ever, composed of trees of a Bingle species, 
end experience has shown that oaks and other broad-leaved trees, planted as 
artificial woods, roquiro to be mixed, or Associated with others of different 
habits. 

In the forest of Fontainebleau, 44 oaks, minglod with boeCbos in due propor- 
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large wood of any species cannot be grown in this method, be¬ 
cause trees which shoot from decaying stumps and their dying 
roots, become hollow or otherwise unsound before they acquiro 
their full dimensions. A more fatal objection still, is, that the 
roots of trees will not bear more than two or three, or at most 
four cuttings of their shoots before their vitality is exhausted, 
and the wood can then bo restored only by replanting entirely. 
The period of cutting coppices varies in Europe from fifteen to 
forty years, according to soil, species, and rapidity of growth. 

In the futaicy or full-growth system, the trees are allowed to 
stand as long as they continue in healthy and vigorous growth. 
This is a shorter period than would bo at first supposed, when 
wo consider the advanced ago and great dimensions to which, 
under favorable circumstances, many forcst-trecs attain in 
ternporate climates. But, as every observing person familiar 
with the forest is aware, these are exceptional cases, just as aro 
instances of great longevity or of gigantic stature among men. 
Able vegetable physiologists have maintained that the tree, 


tion,’ 1 says Clavo, “may arrive at the age of five or six hundred years in full 
vigor, and attain dimensions which I have never seen surpassed ; when, how¬ 
ever, they are wholly unmixed with other trees, thoy begin to decay and die 
at the top, at tho ago of forty or fifty years, like men, old before their time, 
weary of the world, and longing only to quit it. This has been observed in 
most of the oak plantations of which I have spoken, and they have not been 
able to attain to full growth. When the vegetation was perceived to languish, 
they were out, in the hope that this operation would restore their vigor, and 
that the new shoots would suoooed better than the original trees; and, in 
fact, they seemed to be recovering for the first few years. But the shoots 
were soon attacked by the same decay, and tho operation had to be renewed 
at shorter and shorter intervals, until at last it was found necessary to treat 
os coppices plantations originally designed for the full-growth system. Nor 
was this all: the soil, periodically bared by these cuttings, became impover¬ 
ished, and less and less suited to the growth of the oak. . . It was then 

proposed to introduce the pine and plant with it the vaoanoies and glades. 

. . By this means, the forest was saved from the ruin which threatened 

it, and now more than 10,000 acres of pines, from fifteen to thirty years old, 
are disseminated at various points, sometimes intermixed with broad-leaved 
trees, sometimes forming groves by themselves.”—Ifrr us da Deux Honda , 
Mai, 1808, pp. 108,104. 
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like most fish and reptiles, has no natural limit of life or of 
growth, and that the only reason why our oaks and our pines do 
not reach the age of twenty centuries and the height of a hun¬ 
dred fathoms, is, that in the multitude of accidents to which 
they are exposed, the chances of their attaining to such a length 
of years and to such dimensions of growth are millions to one 
against them. 13ut another explanation of this fact is possible. 
In trees affected by no discoverable external cause of death, 
decay begins at the topmost branches, winch seem to wither and 
die for want of nutriment. The mysterious force by which tho 
sap is carried from the roots to tho utmost twigs, cannot bo 
conceived to bo unlimited in power, and it is probable that it 
differs in different species, so that while it may suffico to raiso 
tho iluid to tho height of five hundred feet in tho oucalyptus, 
it may not bo able to carry it beyond ono hundred and fifty in 
tho oak. Tho limit may bo different, too, in different trees of 
tho sumo species, not from defective organisation in thoso of 
inferior growth, but from more or less favorable conditions of 
soil, nourishment, and exposure. Whenever a tree attains to 
the limit beyond which its circulating fluids cannot rise, wo may 
suppose that decay begins, and death follows from want of 
nutrition at tho extremities, and from tho same causes which 
bring about the same results in animals of limited size—such, 
for example, as the interruption of functions essential to life, iu 
consequence of the clogging up of duets by matter assimilable 
in the stage of growth, but no longer so when increment lias 
ceased. 

In the natural woods wo observo that, though, among the 
myriads of trees which grow upon a squaro mile, there are 
several vegetable giants, yet tho great majority of tliom begin 
to decay long before they have attained their maximum of 
stature, and this sccnu to bo still more emphatically true of the 
artificial forest. In Franco, according to Clave, “oaks, in a 
suitable soil, may stand, without exhibiting any sign of decay, 
for two or three kuudred years; tho pines lmrdly exceed oue 
hundred and twenty, and tho soft or wliito woods [f>oU llano *], 
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in wet soils, languish and die before reaching the fiftieth year.” * 
These ages are certainly below the average of those of American 
forest-trees, and are greatly exceeded in very numerous well- 
attested instances of isolated trees in Europe. 

The former mode of treating the futaie, called the garden 
system, was to cut the trees individually as they arrived at 
maturity, but, in the best regulated forests, this practice lias 
been abandoned for the German method, which embraces not 
only the securing of the largest immediate profit, but the re¬ 
planting of the forest, and the care of the young growth. This 
is effected in the case of a forest, whether natural or artificial, 
which is to bo subjected to regular management, by three 
operations. The first of these consists in felling about one- 
tliird of the trees, in such way as to leave convenient spaces for 
the growth of seedlings. The remaining two-thirds are relied 
upon to replant the vacancies, by natural sowing, which they 
seldom or never fail to do. The seedlings are watched, are 
thinned out when too dense, and the ill-formed and sickly, as 
well as those of species of inferior value, and the shrubs and 
thorns which might otherwise choke or too closely shade them, 
are pulled up. When they have attained sufficient strength 
and development of foliage to require, or at least to bear, more 
light and air, the second step is taken, by removing a suitable 
proportion of tho old trees which had been spared at the first cut¬ 
ting ; and when, finally, tho younger trees are hardened enough 
to bear frost and sun without other protection than that which 
they mutually give to each other, the remainder of the original 
forest is felled, and tho wood now consists wholly of young 
aud vigorous trees. This result is obtained after about twenty 
veare. At convenient periods, the unhealthy 6tocks and those 
injured by wind or other accidents are removed, aud in some 
instances the growth of the remainder is promoted by irrigation 
or by fertilizing applications.*)* When tho forest is approaching 

* J ttuda Fomtiirei , p. 80. 

t The grounds whioh it is most important to eloths with wood as a conser¬ 
vative inliuenoe, and whioh, also, oan best be spaced from agricultural use. 
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to maturity, the original processes already described are re¬ 
peated ; and as, in different parts of an extensive forest, they 
would take place at different times in different zones, it would 
afford indefinitely an annual crop of small wood, fuel, and 
timber. 

The duties of the forester do not end here, for it sometimes 
happens that the glades left by felling the older trees are not 
sufficiently seeded, or that the species, or essences , as the French 
oddly call them, are not duly proportioned in the now crop. In 
this case, seed must be artificially sown, or young trees planted 
in the vacancies. Besides this, all trees, whether grown for 
fruit, for fuel, or for timber, rccpiiro more or less training iu 

ovo Bleep hill'.idea. But tho performance of nil tho officer; of tho forester to 
the troo—bcoding, planting thinning, trimming, nml finally felling and remov¬ 
ing for consumption—is rnoro laborious upon a rapid declivity than on a level 
soil, and at tho samo timo it is difficult to apply irrigation or manures to treos 
so situated. Experience has shown that thero is groat advantage in terracing 
tho faoo of a hill before planting it, both os preventing tho wash of the oarth 
by chocking tho How of water down its slope, and as presenting a surfaco 
favorablo for irrigation, as well as for manuring and cultivating tho treo. But 
even without so expensive a process, very important results havo been obtained 
by simply ditching declivities. “ In order to hasten tho growth of wood on the 
ilauks of a mountain, Mr. Eugene Chovaudior divided tho 6lopo into zones 
forty or fifty feet wido, by horizontal ditches closed at both cuds, and thereby 
obtained, from firs of different ages, shoots doublo tho dimensions of thoso 
which grew on a dry soil of tho samo character, where tho water was allowed 
to run off without obstruction.’*— Dumont, 1)u Tracaux Public*, etc., pp. 04- 
00 . 

Tho ditohes woro about two feet and a half deep, and threo feet and a half 
wido, and they cost about forty francs tho hectare, or threo dollars tho acre. 
This extraordinary growth was produced wholly by tho retention of tho rain- 
water in tho ditches, whence it filtered through tho whole soil and supplied 
moisture to tho .roots of tho trees. It may be doubted whether in a climato 
cold enough to freozo tho entiro contents of the ditches in wintor, it would not 
bo expedient to draw off tho wator in tho autumn, as tho prcscnco of so largo a 
quantity of ioo in tho boil might provo injurious to treos too young and small 
to shelter tho ground effectually against frost. 

Chovandior oomputos that, if tho annual growth of the pino in tho marshy 
and too humid soil of tho Vosges bo represouted by one, it will equal two in 
ordinary dry ground, four or five on slopes so ditched or graded as to rotain 
the water Rowing upon thorn from roads or stoop declivities, aud six where 
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order lo yield the best returns. The experiments of the Vicomto 
de Courval in sylviculture throw much light on this subject, and 
show, in a most interesting way, the importance of pruning 
forest-trees. The principal feature of De Courval’s very suc¬ 
cessful method is a systematical mode of trimming which com¬ 
pels the tree to develop the stem, by reducing the lateral rami¬ 
fication. Beginning with young trees, the buds are rubbed off 
from the stems, and superfluous lateral shoots are pruned down 
to the trunk. When largo trees are taken in hand, branches 
which can be spared, and whose removal is necessary to obtain 
a proper length of stem, are very smoothly cut off quite close 


the earth is kept sufficiently moist by infiltration from running brooks.— 
Compter Rcadua d VAcademe (tea Sciences y t. xix., Juillet, D6o., 1844, p. 107. 

The effect of accidental irrigation is well shown in the growth of Lho trees 
planted along the canals of irrigation which traverse the fields in many parts 
of Italy. They flourish most luxuriantly, in spito of continual lopping, and 
yield a very important contribution to the stock of fuel for domestic use; 
while trees, situated so far from canals as to be out of the reach of infiltration 
from them, ore of muoh slower growth, under oiroumstanoes otherwise equally 
favorable. 

In other experiments of Chevandier, under better conditions, the yield of 
wood was increased, by judicious irrigation, in the ratio of seven to one, the 
profits in that of twelve to one. At the Exposition of 1835, Chambreleut 
exhibited young trees, whioh, in four years from tho seed, had grown to the 
height of sixteen and twenty feet, and the ciroumferenoe of ten and twelve 
inches. Chevandier experimented with various manures, and found that 
some of thorn might be profitably applied to young but not to old trees, the 
quantity required in the latter case being too great. Wood-ashes and tho 
refuse of soda factories are particularly recommended. Soe, on the manuring 
of trees, Chevandier, Itecherchca aur Vemploi de divert amendementa , eta, 
Paris, 1853, and Koderle, Qrundadtie der KunatUcken Ddngung m Forstcul - 
turwexen. Wien, 18C3. 

I have seen an extraordinary growth produoed in fir-trees by tho application 
of soapsuds; in a young and sickly cherry-tree, by heaping the chips and 
dust from a marble-quarry, to the height of two or three feet, over the roots 
and around the stem; and oases have oome to my knowledge where liko 
results followed the planting of vines and trees in holes half filled with frag¬ 
ments of plaster-castings, and mortar from old buildings. Chevandier*s experi¬ 
ments in the irrigation of the forest would not have been a 44 new thing under 
the sun ” to wise King Solomon, for that monarch soys: 44 1 mode me pools of 
water, to water therewith the wood that bringeth forth trees.** Eooles. iL 6. 
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to tho trunk, and tho exposed surface is immediately brushed 
over with mineral-coal tar. When thus treated, it is said that 
the healing of tho wound is perfect, and without any decay of 
the tree. Trees trained by Do Courval’s method, which is now 
universally approved and much practised in France, rapidly at¬ 
tain a great height. Tkoy grow with romarkablo straightness of 
stem and of grain, and their timber commands the highest 
price.* 

A system of plantation, specially though not exclusively 
suited to very moist soils, recommended byDuhamel a hundred 
years ago, has been revived in Germany, within about twenty 
years, with much success. It is called hill-plant ing y and con¬ 
sists in placing tho young tree upright on tho greensward with 
its roots properly spread out, and then covering tho roots and 
supporting tho trunk by thick sods cut so as to form a circular 
hillock around it.+ By this method it is alleged trees can bo 
grown advantageously both in dry ground and on humid soils, 
where they would not strike root if planted in holes after tho 
usual manner. If there is any truth in tho theory of a desic¬ 
cating action in evergreen trees, plantations of this sort might 
have a value as drainers of lands not easily laid dry by other 
processes. Tliero is much ground on the great prairies of tho 
West, wlicro experiments with this method of planting aro 
strongly to bo recommended. 

It is common in Europe to permit tho removal of tho fallen 
leaves and fragments of bark and branches with which tho 
forest-6oil is covered, and sometimes tho cutting of tho lower 
twigs of evergreens. The leaves and twigs aro principally 
used as litter for cattle, and tinally as manure, tho bark and 

* Sco De Courval, TaiUe et conduite da Arbra forest&ra et autra arbra 
de grande dimension. Paris, 18G1. 

Tho most important part of Viscount do Courval’s system wiU bo found in 
L'filagage da Arbra, par le Comte A . Dcs Cars , an admirablo littlo treatfco, 
of whioh numerous editions, at the price of one frano, have boen printed since 
the first, of 1604, and whioh ought to be translated and published without 
delay in the United States. 

t See Makteuffel, L'Art de Planter , traduit par Stumper . Paris, 18C8. 
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wind-fallen branches os fuel. By long usage, sometimes by 
express grant, this privilege has become a vested right of the 
population in tlio neighborhood of many public and oven large 
private forests; but it is generally regarded as a sorious evil. 
To remove the leaves and fallen twigs is to withdraw much of 
the pabulum upon which the tree was destined to feed. The 
small branches and leaves are the parts of the tree which yield 
the largest proportion of ashes on combustion, and of course 
they supply a great amount of nutriment for the young shoots. 
“ A cubic foot of twigs,” says Vaupell, “ yields four times os 
much ashes as a cubic foot of stem wood. • . For every 
hundred weight of dried leaves carried off from a beech forest, 
we sacrifice a hundred and sixty cubic foot of wood. Tlio leaves 
and the mosses are a substitute, not only for manure, but for 
ploughing. The carbonic acid givon out by decaying loaves, 
when taken up by water, sorves to dissolve the mineral con¬ 
stituents of the soil, and is particularly active in disintegrating 
feldspar and tho clay derivod from its decomposition. • . . 
The leaves belong to tho soil. Without them it cannot preserve 
its fertility, and cannot furnish nutriment to tho beech. Tho 
trees languish, produce seod incapable of germination, and tho 
spontaneous self-sowing, which is an indispensable clement in 
the best systoms of sylviculture, fails altogether in the bared and 
impoverished soil.” * 

Besides these evils, the romoval of tho leaves deprives the 
eoil of much of that spongy character which gives it such im- 


* Vaupell, Bogene Jndvandring i de Da nuke Shove , pp. 20,40. VaupeU 
farther observes, on the page last quoted? “ The removal of loaves Is injurious 
to tho forest, not only because it retards the growth of trees, but still more 
beoauso it disqualifies the soil for tho produotion of particular species. Whon 
tho beech languishes, and the development of its branches is less vigorous and 
its crown loss spreading, it becomes unable to resist tho enoroaohmonts of the 
fir. This latter tree thrives in an inferior soil, and boing no longer stifled by 
the thiok foliage of the beech, it spreads gradually through the wood, while 
the booch retreats before it and finally perishes." 

Sohleiden confirms the opinion of Vaupell, and adds many important obser¬ 
vations on this subjeoU—J'ir Baum i end TfaW, pp, 04, OIL 
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mcnso value as a reservoir of moisture and a regulator of the 
flow of springs; and, finally, it exposes tho surface-roots to tlio 
drying influence of sun and wind, to accidental mechanical 
injury from tho tread of animals or men, aud, in cold climates, 
to the destructive effects of frost. 

Protection against Wild Animals. 

It is often necessary to take measures for tho protection of 
young trees against the rabbit, tho mole, and other rodent quad¬ 
rupeds, and of older ones against tho damage done by tho larva3 
of insects hatched upon tho surface or in tho tissues of the bark, 
or even in tho wood itself. Tho much greater liability of tho 
artificial than of tho natural forest to injury from this cause is 
perhaps tho only point in which tho superiority of tho formor 
to tho latter is not as marked as that of any domesticated vege¬ 
table to its wild representative. But tho better quality of tho 
wood and tho much more rapid growth of tho trained and 
regulated forest are abundant compensations for tho loss thus 
occasioned, and tho progress of entomological scienco will, 
perhaps, suggest new methods of preventing tho ravages of 
insects. Thus far, however, tho collection and destruction of 
tho eggs, by simple but expensive means, has proved tho mo6t 
effectual remedy.* 


* I havo remarked cisewhero that most insects which deposit and hatch 
their eggs in tho wood of tho natural forest confmo themselves to dead trees. 
Not only is this tho fact, but it is also truo that many of tho borers attack 
only freslily-cut timber. Thoir season of labor is a short ono, and unless tho 
tree is cut during this period, it is safo from them. In summer you may hoar 
them plying their augers in tho wood of a young pino with soft, groon bark, as 
you sit upon its trunk, within a week after it has boon felled, but tho wind¬ 
falls of tho winter lie uninjured by tho worm and oven undccayod for centurion. 
In the pine woods of New England, after tho regular lumberman has removod 
the standing trees, these old trunks arc hauled out from tho mosses and lcavos 
whioh half oover them, and often furnish excellent timber. Tho slow decay 
of such timber in the woods, it may bo romorked, furnishes another proof of 
the uniformity of toraperaturo and humidity in the forost, for tho trunk of a 
tree lying on grass or ploughland, and of course exposed to all tho altemo- 
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Exclusion of Domestic Quadrupeds. 

But probably the most important of all rules for the govern¬ 
ment of tho forest, whether natural or artificial, is that which 
prescribes the absolute exclusion of all domestic quadrupeds, 
except swine, from every wood which is not destined to be 
cleared. No growth of young trees is possible where horned 
cattle, sheep, or goats, or even horses, are permitted to pasture 
at any season of the year, though they are doubtless most de¬ 
structive when trees are in leaf.* These animals browse upon 

tionn of climate, hardly resists complete decomposition for a generation. The 
forests of Europo exhibit similar facts. Wcsscly, in a description of tho primi¬ 
tive wood of Xeuwald in Lower Austria, says that the windfalls required from 
150 to 200 years for entire decay.— Die 0 ester rcichinchcn Alpcnldndcr vml ihre 
J'orntc % p. 312. 

Tho comparative immunity of the American native forests from attacks by 
insects is porhaps in some degree due to the fact that tho European destruc¬ 
tive tribes have not yet found their way across the ocean, and that our native 
species aro loss injurious to living trees. On the European lignivorous insects, 
seo Si 13Mon i, Mnnualc cCArte Forcstalc % 2d odizione, pp. 300-370. 

* Although tho economy of tho forest has received littlo attention in the 
United States, no lover of American nature can have failed to observe a 
marked difference betwoen a native wood from which cattlo are excluded 
and ono where they are permitted to browse. A few seasons suffico for tho 
total extirpation of the 44 underbrush,” including tho young trees on which 
alone the reproduction of the forest depends, and aU the branches of those 
of larger growth which hang within roach of tho cattle aro stripped of their 
buds and leaves, and soon wither and fall off. These effects are observable 
at a great distance, and a wood-pasture is recognized, almost as far as it can be 
seen, by the regularity with which its lower foliage terminates at what Rus- 
kin somewhere calls the “cattle-line,” This always runs parallel to the sur¬ 
face of tho ground, and is determined by the height to which domestio 
quadrupeds can reach to feed upon the loaves. In describing a visit to the 
grand-ducal farm of San Rossore near Pisa, where a large herd of camels is 
kept, Chateauvieux says i “In passing through a wood of evergreen oaks, I 
observed that all the twigs and foliage of tho trees wero clipped up to the 
height of about twelve feet above the ground, without leaving a singlo spray 
below that level. I was informed that the browsing of tho camels had 
trimmed the trees os high as they oould roach."— Lulluc db Chateau- 
vieux, Lett ret sur VltaUe , p. 118. 

Browsing animals, and moat of all the goat, ora considered by foresters 
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the terminal buds and the tender branches, thereby stunting, if 
they do not kill, the young trees, and depriving them of all 
beauty and vigor of growth. 

as more injurioua to the growth of young trees, and, therefore, to the repro¬ 
duction of the forest, than almost any other destructive cause. According 
to Beatson’s Saint Helena, introductory chapter, and Darwin’s Journal of Iia* 
searches in Geology and Natural Hinton pp. 582, 583, it was the gouts which 
destroyed the beautiful forests that, threo hundred and fifty years ngo, cov¬ 
ered a continuous surface of not less than two thousand acres in the interior 
of tho island [of St. Helena], not to mention scattered groups of trees. Dar¬ 
win observes: “ During our stay at Valparaiso, I was most positively assured 
that sandal-wood formerly grow in abumluuco on the island of Juan Fernan¬ 
dez, but that this tree had now become entirely extinct there, having been 
extirpated by tho goats which early navigators had introduced. Tho neigh¬ 
boring islands, to which goats havo not been carried, stUl abound in sandal¬ 
wood.” 

In tho wintor, tho deer tribo, especially the great American mooso-decr, 
subsists much on the buds and young sprouts of trees; yet—-though from the 
destruction of tho wolves or from some not racily explained cause, theso latter 
animals havo recently multiplied so rapidly in some parts of North America, 
that, not long sinco, four hundred of them aro said to have been killed, in ono 
season, on a territory in Maina not comprising moro than ono hundred and 
fifty square miles—tho wild browsing quadrupeds aro rarely, if over, numerous 
enough in regions uninhabited by man to produeo any sensible effect ou the 
condition of tho forest. A reason why they arc less injurious than tho goat 
to young trees may be that they resort to this nutriment only in tho wintor, 
when the grasses and shrubs aro lcallcss or covered with snow, whereas tho 
goat feeds upon buds and young shoots principally in tho season of growth. 
However this may be. tho natural law of consumption and supply keeps tho 
forest growth, and the wild animals which live on its products, in such a 
state of equilibrium as to insure the indefinite continuance of both, and the 
perpetuity of neither is endangered until man interferes and destroys tho 
balanco. 

When, however, deer aro bred and protected in parks, they multiply liko 
domestic cattle, and become equally injurious to trees. 44 A few years ago,” 
says Clave, 44 there wero not less than two thousand door of different ages in 
tho forest of Fontainebleau. For want of grasr, they are driven to tho trees, 
and they do not spare them. . . It is calculated that tho browsing of theso 
animals, and tho consequent rotardation of tho growth of tho wood, dimin¬ 
ishes the annual product of tho forest to tho amount of two hundred thou¬ 
sand cubio feet per year, . . and besides this, tho trees thus mutilated 

are soon exhausted and die. Tho doer attack tho pines, too, tearing off tho 
bark in long strips, or rubbing their heads against them when shedding their 
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Forest Fvres. 

The difficulty of protecting the woods against accidental or 
incendiary fires is one of the most discouraging ciroumstances 
attending the preservation of natural and the plantation of arti¬ 
ficial forests.* In the spontaneous wood the spread of fire is 


horns; and sometimes, in groves of more than a hundred hectares, not one 
pine is found uninjured by them.”— Revue (ice Deux Monties, Mai, 1803, p. 157. 

Vaupell, though agreeing with other writers as to the injury done to the 
forest by most domostio animals and by half-tamed deer—which ho illustrates 
in an interesting way in his posthumous work, The Danish Woods —thinks, 
nevertheless, that at the season when the mast is falling, swino are rather use¬ 
ful thnn otherwise to forests of beech and oak, by treading into tho ground 
und thus sowing beechnuts and acorns, and by destroying moles and mico.— 
De Dnmke Shove, p. 12. Mcguschor is of tho same opinion, and adds that 
swino destroy injurious inseots and their lurvro. — Mcmoria, oto., p. 233. 

Bcckstoin computes that a park of 2,500 acres, containing 250 acres of 
marsh, 250 of fields and moadows, and tho remaining 2,000 of wood, may 
keep 3G4 dcor of different spooics, 47 wild boars, 200 hares, 100 rabbits, and 
an indefinite number of pheasants. Thcso animals would require, in winter, 
123,000 pounds of hay, and 22,000 pounds of potatoes, besides what they 
would pick up themselves. The natural forest most thickly peopled with 
wild animals would not, in temperate climates, contain, upon the averago, 
one-tenth of these numbers to the same extent of surface. 

* Tho disappearance of the f orosts of anoient Gaul and of medium! Franco has 
been ascribed by some writers as much to accidental fires as to the felling of 
tho trees. All tho treatises on sylviculture are full of narratives of forest 
fires. Tho woods of Corsica and Sardinia have suffered incalculable injury 
from this cause, and notwithstanding the resistance of the cork-treo to injury 
from common fires, the government forests of this valuable tree in Algeria 
have been lately often set on fire by the natives and have sustained immense 
damage. 

See on article by Tsabeau in the Annates Forest#res, t, ill, p. 430; Dei.la 
Marmora, Voyage en Sarduigns , 2d edition, t. i., p. 420; Divista Forcstale 
del Regno <T Italia, October, 1805, p. 474. 

Five or six years ago I saw in Switzerland a considerable forest, chiefly of 
young trees, which had recently been burnt over. I was told that the poor of 
the oommune had long enjoyed a customary privilege of carrying off dead 
wood and windfalls, and that they had sot the forest on fire to kill the trees 
and so increase the supply of their lawful plunder. 

The customary rights of herdsmen, shephords, and peasants In European 
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somewhat retarded by the general humidity of the Boil and of 
tho beds of leaves which cover it. But in long droughts the su¬ 
perficial layer of leaves and the dry fallen branches bccomo as 
inflammable as tinder, and the firo spreads with fearful rapid¬ 
ity, until its further progress is arrested by want of material, 
or, more rarely, by heavy rains, sometimes caused, as many 
meteorologists suppose, by tho conflagration itself. 

In tho artificial forest tho annual removal of fallen or half- 
dried trees and tho leaves and other droppings of tho wood, 
though otherwise a very injurious practice, much diminishes tho 
rapid spread of fires; and tho abscnco of combustiblo under¬ 
wood and the groatcr distance between tho trees are additional 
safeguards. But, on tho other hand, tho comparative dryness 
of tho soil, and of any loaves or twigs which may remain upon 
it, and tho greator facility for tho passago of wind-currents 
through a regularly planted and more open wood, aro circum¬ 
stances unfavorable to tho security of tho trees against this 
formidable danger. Tho natural forest, unless isolated and of 
small extent, can bo protected from firo only by a vigilanco too 
costly to bo systematically practised. But tho artificial wood 
may ho secured by a network of ditches and of paths or occa¬ 
sional open glades, which both chock tho running of tho firo 
and furnish tho means of approaching and combating it.* 

Tho cxpericnco of 1S71 ought not to bo wholly without value 
as a lesson. It is not possible to estimate tho damage by forest 
fires in that disastrous year, in what were lately the North-west¬ 
ern States, and in Canada, but as tho demand for lumbor, and, 
consequently, its market price, aro rising at a rate higher than 
tho interest on capital, in a geometrical ratio, ono may almost 

forests aro often an insupcrablo obstnelo to tho success of attempts to preservo 
tho woods or to improvo their condition. 800, on this subject, Alfrei> 
Maury, Lee ancient Fonts de la Gault, chap. xxix. 

• It is statod that in tho pine woods of the Landes of Gascony a firo has 
never boon known to oross a railway-track or a common road. Seo Dee ln» 
eendice, etc., dans la Region dee Maura in tho Jictuc dee Faux et Forets for 
February, 1800. Many other important articles on this subjeot will be found 
in other numbers of the same very valuable periodical. 

25 
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say it is probable that ten years bonce those fires will be thought 
to have diminished the national wealth by a larger amount than 
even the terrible conflagration at Chicago. 

There is no good reason why insurance companies should 
not guarantee the proprietor of a wood as well as the owner of 
a house against damage by fire. In Europe there is no con¬ 
ceivable liability to pecuniary loss which may not bo insured 
against. The American companies might at first be embar¬ 
rassed in estimating the risk, but the experience of a few years 
would suggest safe principles, and all parties would find advan¬ 
tage in this extension of security. 

Forest Legislation. 

I have alleged sufficient reasons for believing that a desola¬ 
tion, like that which has overwhelmed many once beautiful and 
fertile regions of Europe, awaits an important part of the terri¬ 
tory of the United States, and of other comparatively new coun¬ 
tries over which European civilization is now extending its 
sway, unless prompt measures are taken to chock the action of 
destructive causes already in operation. It is almost in vain to 
expect that mcro restrictive legislation can do anything effect¬ 
ual to arrest the progress of the evil in those countries, except 
so far as the state is still the proprietor of extensive forests. 
Woodlands which have passed into private hands will every¬ 
where be managed, in spite of legal restrictions, upon the same 
economical principles as other possessions, and every proprietor 
will, as a general rule, fell his woods, unless he believes that it 
will be for his pecuniary interest to preserve them. Few of 
.the new provinces which the last three centuries have brought 
under the control of the European race, would tolerate any 
interference by the law-making power with what they regard as 
the most sacred of civil rights—the right, namely, of every man 
to do what he will with his own. In the Old World, even in 
France, whose people, of all European nations, love best to bo 
governed and are least annoyed by bureaucratic supervision, 
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law has been, found impotent to prevent tlio destruction, or 
wasteful economy, of private forests; and in many of the moun¬ 
tainous departments of that country, man is at this moment so 
fast laying waste the face of the earth, that the most serious fears 
arc entertained, not only of the depopulation of those districts, 
but of enormous mischiefs to the provinces contiguous to them.* 
The only legal provisions from which anything is to be hoped, 
are such as shall mako it a matter of private advantage to tho 
landholder to 6paro the trees upon his grounds, and promote tho 
growth of the young wood. Much may be dono by exempting 
standing forests from taxation, and by imposing taxes on wood 
felled for fuel or for timber, something by more stringent pro¬ 
visions against trespasses on forest property, and something by 
premiums or honorary distinctions for judicious management of 
the woods; and,in short, in this matter rewards rather than pun¬ 
ishments must be the incentives to obedience even to a policy of 
enlightened self-interest. It might be difficult to induce gov¬ 
ernments, general or local, to make tho necessary appropriations 


* “ Tho laws against clooring havo nover boon able to pro vent tboso opera¬ 
tions when tho proprietor found his advantage in them, and tho long series of 
royal ordinances and decrees of parliaments, proclaimed from the days of 
Charlemagne to our own, with a view of securing forest property against tho 
improvidence of its owners, havo served only to show tho impotcnco of legisla¬ 
tive action on this subject.”—CLAvd:, fitude* tur PEconomic Forcuttire, p. 33 . 

“A proprietor can always contrivo to clear hi* woods, whatever may bo dono 
to prevent him; it is a mero question of time, and a fow imprudent cuttings, 
a few abuses of tbo right of pasturago, sulhco to destroy a forest in spite of 
all regulations to tho contrary.”— -D unoyer, De la Liberie du Travail, ii, p. 
402 , as quoted by Clav6, p. 303 . 

Both authors agree that tho pi cservation of tho forests in Franco is praoti- 
oablo only by their transfer to tho state, which alono can protoct thorn and 
sccuro their proper treatment. It is much to bo feared that even this measure 
would be inadequate to preservo the forests of tho American Union. Thore 
is little respect for publio property in America, and tho Federal Govorumont, 
certainly, would not bo the proper agont of the nation for this purpose. It 
proved itself unable to protoot the live-oak woods of Florida, which were in¬ 
tended to be preserved for the use of the navy, and it more than onoe paid 
contractors a high price for timber stolen from it3 own forests. The Authori¬ 
ties of the individual States might bo more efficient. 
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for such purposes, but there can be no doubt that it would be 
sound economy in the end. 

In countries where there exist municipalities endowed with 
an intelligent public spirit, the purchase and control of for¬ 
ests by such corporations would often prove advantageous; and 
in some of the provinces of Northern Ix>mbardy, experience lia9 
shown that such operations may be conducted with great benefit 
to all the interests connected with the proper management 
of the woods. In Switzerland, on the other hand, except in 
some few cases where woods have been preserved as a de¬ 
fence against avalanches, the forests of the communes have 
been of little advantage to the public interests, and have very 
generally gone to decay.* The rights of pasturage, every¬ 
where destructive to trees, combined with toleration of tres¬ 
passes, have so reduced their value, that there is, too often, 
nothing left that is worth protecting. In the canton of Ticino, 
the peasants have very frequently voted to sell the town-woods 
and divide tho procoeds among the corporators. The some¬ 
times considerable sums thus received are squandered in wild 
revelry, and tho sacrifice of tho forests brings not evon a mo¬ 
mentary benefit to the proprietors, f 

Fortunately for the immonso economical and sanitary in¬ 
terests involved in this branch of rural and industrial hus¬ 
bandry, publio opinion in many parts of the United States is 
thoroughly roused to the importance of the subject. In tho 
Eastern States, plantations of a certain extent have been made, 
and a wisor system is pursued in the treatment of the remain¬ 
ing native woods4 Important experiments have been tried in 

* A belter economy haa been of late introduced into the management of 
tho foroet in Switzerland. Excellent official reports on the subject have been 
published and important legal provisions adopted. 

f Soe in Berlepsch, Die Alpcn , chapter EoUecJdigor uni Flduer , a lively 
aooount of the sale of a oommunal wood. 

X When the census of 1860 was taken, the States of Maine and New York pro¬ 
duced and exported lumber in abundance. Neither of them now has timber 
enough for domestic use, and they ore both oompelled to draw much of their 
supply from Panada and the West 
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Massachusetts on the propagation of forest-trees on seashore 
bluffs exposed to strong winds. This had been generally sup¬ 
posed to be impossible, but the experiments in question afford a 
gratifying proof that this is an erroneous opinion. Piper gives 
an interesting account of Mr. Tudor’s success in planting trees 
on the bleak and barren shore of Nahant. “ Mr. Tudor,” ob¬ 
serves he, “has planted more than ten thousand trees at Nahant, 
and, by the results of his experiments, has fully demonstrated 
that trees, properly cared for in the beginning, may bo made to 
grow up to the very bounds of the ocean, exposed to the biting 
of the wind and the spray of the sea. The only shelter they 
require is, at first, some interruption to break tho current of tho 
wind, such as fences, houses, or other trees.” * 

Young trees protected against tho wind by a fence will some¬ 
what overtop their shelter, and every treo will servo as a screen 
to a taller one behind it. Extensive groves have thus been 
formed in situations where an isolated treo would not grow at all. 

Tho people of tho Far West have thrown themselves into tho 
work, we cannot say of restoration, but rather of creation, of 
woodland, with much of tho passionato energy which marks 
their action in reference to other modes of physical improve¬ 
ment. California has appointed a State forester with a liberal 
salary, and made such legal provisions and appropriations as to 
render tho discharge of his duties effectual. The hands that 
built the Pacific Railroad at the rate of miles in a day are now 
busy in planting belts of trees to shelter tho track from snow¬ 
drifts, and to supply, at a future day, timber for ties and fuel 
for the locomotives. The settlers on tho 0]>en plains, too, are 
not less actively engaged in tho propagation of tho woods, and 
if we can put faith in tho official statistics on the subject, not 
thousands but millions of trees aro annually planted on tho 
prairies. 

These experiments are of much scientific as well as economi¬ 
cal interest. The prairies have never been wooded, so far as 
we know their history, and it has been contended that successful 


* Trees of America, p. 10. 
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sylviculture would be impracticable in those regions from the 
w&ut of r&in. But we are acquainted with no soil and climate 
which favor the production of herbage and forbid the rearing 
of trees, and, as Bryant well observes, “ it seems certain that 
where grass will grow trees may be made to grow also.” * In 


* The origin of our Western treeless prairies and plains, as of the Hussion 
steppes, which much resemble them, is obscure, but the want of forests upon 
them, seems to be due to climatio conditions and especially to a want of spring 
and summer rains, which prevents the spontaneous formation of forests upon 
them, though not necessarily the growth of trees artificially planted and cared 
for. Climatio oonditions more or less resembling those of our Western territo¬ 
ries produce analogous effects in India. Much valuable information on the 
relations between climate and forest vegetation will be found in an article 
by Dr. Brandis, On the Distribution of Forests in India , in Ocean Highways 
for October, 1872. 

In the more onstwardly prairio region fires havo done much to prevent tho 
spread of tho native groves, and throughout the whole woodless plains tho 
pasturage of tho buffalo alono would sufflco to prevent a forest growth. The 
prairies were the proper feeding-grounds of the bison, and the vast number of 
those animals is oonnected, as cause or consequence, with the existence of these 
vast pastures. The bison, indeed, could not convert the forest into a p;u»ture t 
but he would do much to prevent the pasture from becoming a forest. 

There is positivo evidence that somo of the American tribes possessed largo 
herds of domesticated bisons. See IIuuroldt, Anxichten dcr Natur , i., pp. 
71-73. What authorizes us to affirm that this was simply the wild bison re¬ 
claimed, and why may we not, with equal probability, believe that the migra¬ 
tory praine-buffalo is the progeny of the domestic animal run wild ? 

There are, both on the prairies, as in Wisconsin, and in deep forests, as in 
Ohio, extensive remains of a primitive people, who must have been more 
numerous and more advanced in art than the present Indian tribes. There 
i:an bo no doubt that the woods where suoh earthworks are found in Ohio 
wore cleared by them, and that the vicinity of these fortresses or temples was 
inhabited by a large population. Nothing forbids the supposition that the 
prairies were cleared by the same or a similar people, and that the growth of 
trees upon them has been prevented by fires and gracing, while tho restoration 
of the woods in Ohio may be due to the abandonment of that rogion by its 
original inhabitants. The olimatio oonditions unfavorable to tho spontaneous 
growth of trees on the prairies may possibly be on effect of too extensive 
clearings, rather than a cause of the want of woods. 

It is disputed whether the steppes of Hussia were ever wooded. They 
were certainly bare of forest growth at a very remoto period; for Herodotus 
describes the oountry of the Scythians between the Ister and the Tanais as 
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any case the question will now be subjected to a practical test, 
and the plantations are so extensive, and, as is reported, so thrifty 
in growth, that one generation will suffice to determine with 
certainty and precision how far climate is affected by clothing 
with wood a vast territory naturally destitute of that protection. 

I havo thus far spoken only of the preservation and training 
of existing woods, not of the planting of now forests, because 
European experience, to which alono we can appeal, is eonver 
sant only with conditions so different from those of our own 
climate, soil, and arboreal vegetation, that precedents drawn 
from it cannot be relied upon as entirely safe rules for our 
guidance in that branch of rural economy.* 

woodless, with tho exception of tho small provinco of Xylasa botweon the 
Dnieper and the Gulf of Perckop. They aro known to have been occupied by 
a largo noraado and pastoral population down to tho Bixtocnth contury, though 
these triboH aro now much reduced in numbers. Tho habits of such races 
arc scaiculy less destructive to tho forest than thoso of civilized lifo. Pastoral 
tribes do not employ much wood for fuel or for construction, but they care* 
Icwdy or recklessly burn down tho forests, and their cattle effectually chock 
the growth of young trees wherever their range extends. 

At present, tho furious winds which sweep over tho plains, tho droughts of 
summer, and tho rights and abuses of pasture go, constitute very formidable 
obstacles to the employment of measures which have been attended with bo 
valuable results on the sand-wastes of Franco and Germany. The Russian 
Government has, however, attempted tho wooding of tho steppes, and there 
aro thriving plantations in tho neighborhood of Odessa, whero tho soil is of a 
particularly looso and sandy character. Tho tree best suited to this locality, 
and, as there is good reason to suppose, to sand plains in general, is tho 
Attanthui ybinduloua , or Japan vumish-treo. Tho remarkable success which 
has crowned tiro experiments with the ailanthus at Odessa, will, no doubt, 
stimulate to similar trials clsowhero, and it seems not improbablo that the 
uruudo and the maritime pine, which have fixed so many thousand acres of 
drifting sands in Western Europe, will be, partially at least, superseded by 
the tamarisk and tho varnish-troo. 

According to Hoiienbtein, Dcr Wald , pp. 228, 229, an extensive planta¬ 
tion of piuos—a treo now to Southern Russia—-was commenced in 1843, on 
the barren and sandy banks of tho Ingula, near Elisabotbgrod, and has met 
with very flattering success. Other experiments in sylviculture at different 
points on the steppes promiso valuab^o results. 

* Many valuable suggestions on this subject will bo found in BRY4NT, 
Forest Trees, chap, vi. U stqq. 
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I apprehend that one rule, which is certainly alike appli¬ 
cable to both sides of the Atlantic—that, namoly, of the abso¬ 
lute exclusion of domestic quadrupeds from all woods, old or 
young, not destined for the axo—would bo least likely to be ob¬ 
served in our practice. The need of shade for cattlo, and our 
inveterate habits in this respect, are much more serious obstacles 
to compliance with this precept than any inherent difficulty in 
the thing itself; for there is no good reason why our cattle may 
not be kept out of our woods as well as out of our wheatfields. 
When forest-planting is earnestly and perseveringly practised, 
means of overcoming this difficulty will be found, and our hus¬ 
bandry will be modified to meet the exigency. 

The best general advice that can be offered, in the want of 
an experimental codo, is to make every plantation consist of a 
great variety of trees, and this not only because nature favors a 
diversified forest-crop, but because the chances of success 
among a multitude of spocies are far greater than if wo confino 
ourselves to one or two. 

It will doubtless bo found that in our scorching summer, es¬ 
pecially on bare plains, shade for young plants is even more 
necessary than in most parts of Europe, aud lionco a fair propor¬ 
tion of rapidly growing trees and shrubs, oven if themselves of 
little intrinsic value, ought to be regarded as an indisponsablo 
feature in evory young plantation. Thoso trees should bo of 
species which bear a full supply of air and light, and therefore, 
in tho order of natnro, precede thoso which aro of greater valuo 
for tho permanent wood; and it would bo a prudent mcasuro to 
6Cod the ground with a stock of such plants, a year or two be¬ 
fore sowing or transplanting tho more valuable varieties. 

More specific rules than these cannot at present well be 
given, but very brief experiments, evon if not in all respects 
wisely conduoted, will suffice to determine tho main question: 
whothor in a given locality this or that particular treo can ad- 
vantogoously be propagated or introduced. The special proces¬ 
ses of arboriculture suited to the ends of the planter may be 
gathered partly from cautious imitation of European practice, 
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and partly from an experience which, though not pronouncing 
definitively in a single season, will, nevertheless, suggest appro¬ 
priate methods of planting and training the wood within a 
period not disproportioned to tlio importance of the object.* 
The growth of arboreal vegetation is comparatively slow, and 
we are often told that, though ho who buries an acorn may hopo 
to seo it shoot up to a miniature rcsomblanco of tho majestic 
tree which shall 6hado his remote descendants, yet tho longest 
life hardly embraces tho seedtime and tho harvest of a forest. 
Tho planter of a wood, it is said, must bo actuated by higher 
motives than thoso of an investment, tho profits of which con¬ 
sist in direct pecuniary gain to himself or even to his posterity; 
for if, in rare cases, on artificial forest may, in a generation or 
two, more than repay its original cost, still, in gouoral, tho 
valuo of its timber will not return tho capital expended and tho 
interest accrued.f 

* For very judicious suggestions on experiments in sylviculture, sco tho Rov. 
Frederick Starr's romarkablo paper on tho American Forests in tho Transac¬ 
tion# of the Agricultural Society for —. 

f According to Clavd (tittalcs, p. 150), tho not rovenuo from tho forests of 
the state in Franco, making no allowance for interost on tho capital repre¬ 
sented by tho forest, is two doUars per aero. In Saxony it is about tho sumo, 
though tho cost of administration is twice as much as in Franco; in Wiirtom- 
berg it is about a dollar an aero; aud in Prussia, whoro half tbo income is 
consumed in tho expenses of administration, it sinks to less than half a dollar. 
This low rato in Prussia and other German states is partly explained by tho 
fact that a oonsidorablo proportion of tho annual product of tho wood is oither 
concodcd to porsons claiming prosoriptivo rights, or sold, at' a very small prioo, 
to tho poor. Taking into account tho capital invested in forost-land, and add¬ 
ing interest upon it, Prcsslcr calculates that a piuo wood, managed with a 
vlow to folliug it when eighty years old, would yield ono-oighth of ouo por 
cent annual profit; a fir wood, at ouo hundred years, ono-sixth of ono per 
cent.; a boooh wood, at ono hundred and twenty yoars, ono-fourth of ono pet 
cent. Tho samo author givos tho net iucomo of the Xow Forest in England, 
ovor and abovo expenses, interest not computed, at twonty-fivo cents per aero 
only. In Amorica, whoro no expouso is bestowed ujxm tho woods, tho valuo 
of tho annual growth has generally boon estimated much higher. 

Forest-trcos are oftou planted in Europo for what may bo oallod an early 
crop. Thus in Gormany acorns are sown and tho young soodUngs cultivated 
like ordinary Aold-vogoWblos, and out ut the ogoot a vory few years for tho 
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But the modern improved methods of sylviculture show 
vastly more favorable financial results; and when we consider 
the immense collateral advantages derived from the presence 
of the forest, the terrible evils necessarily resulting from its de¬ 
struction, we cannot but admit that the preservation of existing 
woods, and the more costly extension and creation of them 
where they have been unduly reduced or have never existed, 
are among the plainest dictates of self-interest and most* ob¬ 
vious of the duties which this age owes to those that are to 
come after it. 

Financial Remits of Forest Plantation. 

Upon the whole, I am persuaded that the financial statistics 
which are found in French and Gorman authors, as the results 
of European experience in forest economy, present the ques¬ 
tion under a too unfavorable aspect; and therefore these calcu¬ 
lations ought not to discourage landed proprietors from making 
experiments on this subjoct. These statistics apply to woods 
whoso present condition is, in an eminent degree, tho effect of 
previous long-continued mismanagement; and there is much 
reason to believe that in tho propitious climate of tho United 
States new plantations, regulated substantially according to tho 
methods of De Courval, Chambrolent, and Chevandier, and ac¬ 
companied with tho introduction of exotic trees, as, for example, 
the Australian caruarina and eucalyptus*—which latter, it is 

soke of the bark and the young twigs used by tanners. In England, trees are 
grown at the rate of two thousand to the oore, and out for props in the mines 
at the diameter of a few inches. Plantations for hoop-poles, and other special 
purposes requiring small timber, would, no doubt, ofton prove highly remu¬ 
nerative. 

* Although the eucalyptus thrives admirably in Algeria—where it attains 
a height of from fifty to sixty feet, and a diameter of fifteen or sixteen inches, 
in six years from the seed—and in some restricted localities in Southern 
Europe, it wiU not bear the winters even of Florenee, and consequently can¬ 
not be expeotod to flourish in any part of the United States except the ex¬ 
treme South and California. The writer of a somewhat enthusiastic article 
on this latter State, in Harper's Monthly for July, 1872, affirms that he saw a 
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said, lias a growth at least five, and, according to some, ten times 
moro rapid than that of the oak—would prove good invest¬ 
ments even in an economical aspect.* 

There is no doubt that they would pay tho expenses of their 
planting at no distant period, at least in every case where irri¬ 
gation is possible, and in very many situations, terraces, ditches, 
or oven horizontal furrows upon the hillsides, would answer a 9 
a substitute for more artificial irrigation. Large proprietors 
would receive important indirect benefits from the 6hcltor and 
the moisture which forests furnish for the lands in their neigh¬ 
borhood, and eventually from tho accumulation of vegetable 
mould in tho woods, f Tho security of tho investment, as in 
the case of all real-estate, is a strong argument for undertaking 
such plantations, and a moderate amount of government patron- 

eucalyptus “ eight years from a small cutting, which was sevonty-fivo foot in 
height, and two feet and a half in diameter at the base.** 

The paulowuia, which thrives in Northoru Italy, has a wood of littlo value, 
hut the tree would serve well as a shelter for seedlings and young plants of 
moro valuablo spocioa, and in othor cases whero a temporary shado is urgoutly 
needed. Tho young shoots, from a stem polled the previous soasou, almost sur¬ 
pass even the eucalyptus in rapidity of growth. Such a shoot from a troo not 
six inches in diameter, which I had an opportunity of daily observing, from 
the bursting out of the bud from tho bark of tho parent stem in April tiU 
November of the Bamo year, acquired in that intorvol a diameter of botwocn 
four and five inches and a height of above twenty feet. 

* Tho economical statistics of Giuaon, Arboriculture , Edinburgh, 16CS, are 
very encouraging. In tho preface to that work the author says: “Having 
formed several large plantations nearly forty years ago, which are still standing, 
in the Highlands of Scotland, I can refer to them as, aftor paying ovory exponso, 
yielding a rovonue equal to that of tho finest arablo land in tho country, 
where the ground previously to these formations was not worth a shilling an 
acre.” See also Hartio, Ucbcr den Wachsihumgang uud Krtrag dor Bud*, 
Eiche ttnd Kiefer, 18G9, and cspcciaUy Bryant, For cat Trees, chap. ix. 

f Tho fertility of newly cleared land is by no means duo entirely to tho accu¬ 
mulation of decayed vegetable matter on its surfaco, and to tho decomposition 
of the mineral constituents of tho soil by tho gases emittod by tho fallen 
leaves. Saobs has shown that the roots of living plauts exercise a most pow¬ 
erful solvent notion on rooks, and henco stones are disintegrated and resolved 
into elemonte of vegetable nutrition, by the chemical agcuoy of the forest, 
more rapidly than by frost, rain, and other meteorological iniluenoes. 



396 


INSTABILITY 07 AMERICAN LITE. 


age and encouragement would be sufficient to render the crea¬ 
tion of new forests an object of private interest as well as of 
public advantage, especially in a country where the necessity is 
so urgent and the climate so favorable as in the United States* 

Instability of American Life. 

All human institutions, associate arrangements, modes of 
life, have their characteristic imperfections. The natural, per¬ 
haps the necessary defect of ours, is their instability, their want 
of fixedness, not in form only, but even in Bpirit. The face of 
physical nature in the United States shares this incessant fluc¬ 
tuation, and the landscape is as variable as the habits of the 
population. It is time for some abatement in the restless love 
of change which characterizes us, and makes us almost a no- 
mado rather than a sedentary people.* We have now felled 
forest enough everywhere, in many districts far too much. Let 
us restore this one element of material life to its normal pro¬ 
portions, and devise means of maintaining the permanence of 
its relations to the fields, the meadows, and the pastures, to tho 

* It is rare that a middle-aged American dies in the house whore ho was 
born, or an old man even in that whioh he has built; and this is scarcely loss 
true of the rural distriots, where every man owns his habitation, than of the 
city, where the majority Uve in hired bouses. This life of incessant flitting 
is unfavorable for the execution of permanent improvements of every sort, 
and especially of thoso whioh, like the forest, are slow in repaying any part 
of the capital expendod in them. It requires a very generous spirit in a land¬ 
holder to plant a wood on a farm he expeote to sell, or which he knows will pass 
out of the hands of his descendants at his death. But the very fact of hav¬ 
ing begun a plantation would attach the proprietor more strongly to the soil 
for which he had mode suoh a sacrifice; and the paternal sores would have a 
greater value in the eyes of a succeeding generation, if thus improved and 
beautified by tho labors of those from whom they were inherited. Landed 
property, therefore, the transfer of whioh is happUy free from every legal 
impediment or restriction in the United States, would find, in the feelings thus 
promptod, a moral oheok against a too frequent change of owners, and would 
tend to remain long enough in one proprietor or one family to admit of 
gradual improvements whioh would inoreoee its value both to the possessor 
and to the state. 
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rain and the dews of heaven, to the springs and rivulets with 
which it waters the earth. The establishment of an approxi¬ 
mately fixed ratio between the two most broadly character¬ 
ized distinctions of rural surface—woodland and ploughland— 
would involve a certain persistence of character in all the 
branches of industry, all the occupations and habits of life, 
which depend upon or are immediately connected with either, 
without implying a rigidity that should exclude flexibility of 
accommodation to the many changes of external circumstance 
which human wisdom can neither prevent nor foresee, and would 
thus help us to become, more emphatically, a well-ordored and 
stable commonwealth, and, not less conspicuously, a people of 
progress. 



CHAPTER IV. 


THE WATERS. 

Land Artificially won from the Waters—Great Works of Material Improvement 
—Draining of Lincolnshire Fens—Incursions of the Sea in the Nether¬ 
lands—Origin of Sea-dikes—Gain and Loss of Land in the Netherlands— 
Marine Doposits on the Coast of Netherlands—Draining of Lake of Haar¬ 
lem—Draining of the Zuiderzee—Geographical Effects of Improvements 
in the Netherlands—Ancient Hydraulic Works—Draining of Lake Co- 
lano by Prince Torlonia—Incidental Consequences of draining Lakes— 
Draining of Marshos—Agricultural Draining—Meteorological Effects of 
Draining—Geographical Effoots of Dralnlug—Goographioal Effects of 
Aqueducts and Canals—Antiquity of Irrigation—Irrigation in Palestine, 
India, and Egypt—Irrigation in Europo—Meteorological Effocts of Irri¬ 
gation—Wntor withdrawn from Rivers for Irrigation—Injurious Effects 
of Rice-culture—Salts Deposited by Water of Irrigation—Subtorranean 
Wators—Artesian Wells—Artificial Springs—Economizing Precipitation 
—Inundations in Franco—Rosins of Roooption—Diversion of Rivers— 
Glacier Lakes—River Embankments—Other Remedies against Inunda¬ 
tions—Dikos of the Nile—Doposits of Tuscan Rivers—Improvements in 
Tusoan Maremma—Improvements in Vol di Chiana—Coast of the 
Netherlands. 

Land artificially won from the Waters . 

Man, as wo liavo seen, lias done much to revolutionize the 
6olid surface of the globe, and to change the distribution and 
proportions, if not the essential character, of the organisms 
which inhabit the land and even the waters. Besides the 
influence thus exerted upon the life which peoples the sea, 
his action upon the land lias involved & certain amount of 
indirect encroachment upon the territorial jurisdiction of 
the ocean. So far as ho has increased the erosion of run¬ 
ning waters by the destruction of the forest or by other opera¬ 
tions which lessen the cohesion of the soil, he has promoted 
the deposit of solid matter in the sea, thus reducing the depth of 
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marino estuaries, advancing the coast-line, and diminishing tho 
area covered by tho waters. He has gone beyond this, and in¬ 
vaded the realm of tho ocean by constructing within itsbordcra 
wharves, piers, light-houses, breakwaters, fortresses, and other 
facilities for his commercial and military operations; and in 
some countries he has permanently rescued from tidal overflow, 
and even from tho very bed of tho deep, tracts of ground ex¬ 
tensive enough to constitute valuable additions to his agricul¬ 
tural domain. Tho quantity of 6oil gained from tho sea by 
these different modes of acquisition is, indeed, too inconsidera¬ 
ble to form an appreciable element in tho comparison of tho 
general proportion between tho two great forms of terrestrial 
surface, land and water; but tho results of such operations, 
considered in their physical and their moral bearings, are suffi¬ 
ciently important to entitle them to special notice in ovory com¬ 
prehensive view of tho relations between man and naturo. 

There aro cases, as on tho western shores of tho Baltic, where, 
in consequence of tho secular elevation of tho coast, tho sea ap¬ 
pears to bo retiring; others, where, from tho slow sinking of 
the land, it seems to be advancing. These movements depend 
upon geological causes wholly out of our reach, and man can 
neither advance nor retard them.* 

* It is pomiblo that tho weight of tho sediment lot fall at tho mouths of 
great rivors, liko tho Ganges, tho ^lissi&sippi, and tho Po, may causo tho de¬ 
pression of tho strata on which they aro deposited, and lioaco if man promotes 
tho erosion and transport of earthy material by rivers, ho augments tho weight 
of tho sediment they convoy into thoir estuaries, and consequently his action 
tends to accelerate such depression. Thcro aro, however, cases whero, in 
spilo of great deposits of sediment by rivers, tho coast is rising. Further, 
tho manifestation of tho internal heat of tho earth at any given point is 
conditioned by the thickness of tho crust at such point. The deposits of 
rivers tend to augment that thickness at their estuaries. The sedimont of 
slow ly- flowing rivers emptying into shallow seas is spread over so great a sur¬ 
face that wo can hardly imagino tho foot or two of slimo they lot fall over 
a wido aroa in a century to form an element among even tho infinitesimal 
quantities which composo tho terms of tho equations of naturo. But somo 
swift rivers, rolling mountains of fino earth, dischargo themselves into dooply 
scooped gulfs or bays, and in such coses tho deposit amounts, in tho course of 
a fow years, to a moss the transfer of which from the surface of a large basin, 
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There are also cases where similar apparent effects are pro¬ 
duced by local oceanic currents, by river deposit or erosion, 
by tidal action, or by the influence of the wind upon the waves 
and the sands of the seabeach. A regular current may drift 
suspended earth and seaweed along a coast until they are caught 
by an eddy and finally deposited out of the reach of further dis¬ 
turbance, or it may scoop out the bed of the sea and undermine 
promontories and headlands; a powerful river, as the wind 
changes the direction of its flow at its outlet, may wash away 
shores and sandbanks at one point to deposit their material at 
another; the tide or waves, stirred to unusual depths by the 
wind, may gradually wear down the line of coast, or they may 
form shoals and coast-dunes by depositing the sand they have 
rolled up from the bottom of the ocean. These latter modes of 
action are slow in producing effects sufficiently important to be 
noticed in general geography, or even to be visible in the repre¬ 
sentations of coast-line laid down in ordinary maps; but they 
nevertheless form conspicuous features in local topography, and 
they are attended with consequences of great moment to tlio 
material and the moral interests of men. The forces which 

and its accumulation at a single point, may bo supposed to produoo othor 
effects than those measurable by the sounding-line. Now, almost all the opera¬ 
tions of rural life, as I have abundantly shown, increase the liability of tho 
coil to erosion by water. Hence, the clearing of the valley of tho Ganges, for 
example, by man, must have much augmented the quantity of earth trans¬ 
ported by that river to the sea, and of course have strengthened the effects, 
whatever they may bo, of thickoning the orust of the earth in tho Bay of 
Bengal. In such oases, then, human notion must rank among geological influ¬ 
ences. 

To the geologiool effects of the thickening of the earth's erust in the Bay of 
Bongal, are to be added those of thinning it on the highlands where the Ganges 
rises. The same action may, as a learned friend suggests to mo, evon have a 
oosmioal influence. The great rivers of the earth, taken as a whole, transport 
sediment from the polar regions in an equatorial direction, and hence tend to 
increase the equatorial diamoter, and at the same time, by their inequality Of 
action, to a continual displacement of the oentre of gravity, of the earth. 
The motion of tho globe, and of all bodies off octed by its attraction, is modified 
by every change of its form, and in this case we are not authorised to say that 
snob effoots axe in any way compensated. 
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produce these limited results are all in a considerable degree 
subject to control, or rather to direction and resistance, by hu¬ 
man power, and it is in guiding, combating, and compensating 
them that man has achieved some of his most remarkable and 
most honorable conquests over nature. The triumphs in ques¬ 
tion, or what we generally call harbor and coast improvements, 
whether we estimate their value by the monoy and labor ex¬ 
pended upon them, or by their bearing upon tho interests of 
commerce and the arts of civilization, must tako a very high 
rank among tho great works of man, and they aro fast assuming 
a magnitude greatly exceeding their former rclativo importance. 
Tho extension of commerce and of tho military marine, and 
especially tho introduction of vessels of increased burden and 
deeper draught of water, have imposed upon engineers tasks of 
a character which a contury ago would havo been pronounced, 
and, in fact, would havo been, impracticable; but necessity has 
stimulated an ingenuity which has contrived means of execut¬ 
ing them, and wliich gives promise of yet greater performance 
in time to come. 

Indeed, although man, detached from tho solid earth, is al¬ 
most powerless to struggle against tho sea, ho is fast becoming 
invinciblo by it so long us his foot is planted on tho shore, or 
oven on tho bottom of tho rolling ocean; and though on somo 
battle-fields between tho waters and tho land ho is obliged 
slowly to yield his ground, yet ho retreats still facing tho foo, 
and will finally bo ablo to say to tho sea, “ Thus far slmlt 
thou como and no farther, and hero shall thy proud waves bo 
stayed! ” * 

* It is, novortkclcM, rcmarkablo that in tho particular branch of const en¬ 
gineering where great improvements arc most urgently needed, comparatively 
little has boon accomplished. I refer to tho orcation of artificial harbors, and 
of facilities for loading and discharging ships. Tho wholo const of Italy is, one 
may almost say, barberies* and even, whartloss, and thero aro many thousands 
of miles of coast in rich commercial countries in Europe, where vossols can 
neither lie in safety for a singlo day, nor even, in bolter protootod havons, ship 
or land their passongors or cargoos oxoept by tho help of lighters, and other 
not lew clumsy contrivances. It it strango that suoh enormous inoonvenien- 
20 
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Great Wor7ca of Material Improvement . 

Mon have ceased to admire the vain exorcise of power which 
heaped up the great pyramid to gratify the pride of a despot 
with a giant sepulchre; for many great harbors, many impor¬ 
tant lines of internal communication, in the civilized world, 
now exhibit works which in volume and weighs of material sur¬ 
pass the vastest remains of ancient architectural art, and demand 
the exercise of far greater constructive skill and involve a much 
heavier pecuniary expenditure than would now be required for 
the building of the tomb of Cheops. It is computed that the 
great pyramid, the solid contents of which when complete were 
about 3,000,000 cubic yards, could be erected for a million of 
pounds sterling. The breakwater at Cherbourg, founded in 
rough water sixty feet doop, at an average distance of moro 
than two miles from tho shore, contains double tho mass of the 
pyramid, and many a comparatively unimportant canal has been 
constructed at twice the cost which would now build that stu¬ 
pendous monument. 

Tho description of works of harbor and coast improvement 
which have only an economical value, not a true geographical 
importance, does not come within the plan of the present vol¬ 
ume, and in treating this branch of my subject, I shall confine 
myself to such as aro designed either to gain now soil by ex¬ 
cluding the waters from grounds which they had permanently 
or occasionally covered, or to resist new encroachments of tho 
sea upon tho land.* 


oes are borne with so little effort to remove them, and especially that break¬ 
waters are rarely constructed by Governments except for the benefit of the 
military marine, 

* Some notioe of great works exeeuted by man in foreign lands, and prob¬ 
ably not generally familiar to my readers, may, however, prove not uninter¬ 
esting. 

The duaguadito, or oanal constructed by the Vioeroy Bevillagigedo to pre¬ 
vent the inundation of the oity of Mexloo by the lakes in its vicinity, besides 
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Draining of Lincolnshire Fens. 

Tho draining of the Lincolnshire fens in England, which 
has converted about 400,000 acres of marsh, pool, and tide- 
washed flat into ploughland and pasturage, is a work, or rather 
scries of works, of great magnitude, and it possesses much eco¬ 
nomical, and, indeed, no trifling geographical, importance. Its 
plans and methods were, at least in part, borrowed from the 
example of like improvements in Holland, and it is, in diffi¬ 
culty and extent, inferior to works executed for tho same pur¬ 
pose on the opposite coast of tho North Sea, by Dutch, Frisic, 
and Low German engi 11001 * 8 . Tho space I can devote to such 
operations mil be better employed in describing tho latter, and 
I con tout myself with tho simple statement I havo already mado 
of the quantity of worthless and oven pestilential land which 
has been rendered both productive and salubrious in Lincoln- 


subsidiary works of great extent, has a cutting half amilo long, 1,000 feet wide, 
and from ICO to 200 feot doop.—H offmann, Encycfop(t(lifi % art. Mexico. 

'The adit whioh drains tho mines of Gwonnap in Cornwall, with its branches, 
is thirty miles long. Those of tho silvor mines of Saxony are scarcely less 
extensive, and the JSnitt-Augnst-StoUcn, or great drain of tho mines of tho 
liars, is fifteen miles long. 

The excavations for the Suez Canal were computed at 75,000,000 cubio 
metres, or about 100,000,000 cubio yards, and thoso of the Ganges Canal, whioh, 
with its branches, had a leugth of 3,000 miles, amount to noarly the samo 
quantity. 

The quarries at Maastricht havo undorminod a spaco of sixteon mUos by 
six, or more than two American townships, and tho catacombs of Romo, in 
part, at least, originally quarries, have a lineal oxtent of fivo hundrod and 
fifty miles. The catacombs of Paris required the excavation of 13,000,000 
cubio yards of stone, or more than four times tho volume of the great pyra¬ 
mid. 

The exoavations for the Mt.Conls tunnel, eight miles in longth,wholly through 
solid rook, amounted to more than 000,000 cubio yards, and 10,000,000 of 
briok were employed for tho lining. 

In an artiole on recent internal improvements in England, in the London 
Quarterly Review for January, 1858, it is stated that in a single rock-cutting on 
tho Liverpool and Manchester railway, 480,000 oubio yards of stone were 
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shire, by diking out the sea, and the rivers which traverse the 
fens of that country. 

The almost continued prevalence of west winds upon both 
coasts of the German Ocean occasions a constant set of the 
currents of that sea to the east, and both for this reason and 
on account of the greater violence of storms from the former 
quarter, the English shores of the North Sea are less exposed 
to invasion by the waves than those of the Netherlands and the 
provinces contiguous to them on the north. The old Nether¬ 
landish chronicles are filled with the most startling accounts 
of the damage done by the irruptions of the ocean, from west 
winds or extraordinarily high tides, at times long before any con¬ 
siderable extent of scacoast was diked. Several hundreds of 
these terrible inundations are recorded, and in many of them 
the loss of human lives is estimated as high as one hundred 
thousand. It is impossible to doubt that there must be enor¬ 
mous exaggeration in these numbers; for, with all the reckless 
hardihood shown by men in braving the dangers and priva- 


removed; that the earth excavated in the construction of English railways up to 
that date amounted to a hundred and fifty million oubio yards, and that at 
the Round Down Cliff, near Dover, a single blast of nineteen thousand pounds 
of powder blew down a thousand million tons of chalk, and covered fifteen 
acres of land with the fragments. 

In 18C0, a mass of marble equal to one and a half times the cubical contents 
of the Duorao at Florence, or about 450,000 cubic yards, was thrown down at 
Carrara by one blast, and two hours after, another equal mass, which had been 
loosened by the explosion, fell of itself.— Zolfanelli, La Lunlgiam , p. 43. 

The coal yearly extracted from the mines of England averages not less than 
100,000,000 tons. The specifio gravity of British cool ranges from 1.20 to 1.33, 
and consequently we may allow a oubio yard to the ton. If we add the earth 
and rook removed in order to reach the ooal, we shall have a yearly amount of 
excavation for this one object equal to more than thirty times the volume of 
the pyramid of Cheops. 

These are wonderful achievements of human industry; but the rebuilding 
of Chioago within a single year after the great fire—not to speak of the extraor¬ 
dinary material improvements previously exeouted at that city—surpasses 
them all, and it probably involved the expenditure of a sum of musonlar and 
of moral energy whioh has never before been exerted in the accomplishment 
of a single material objeot, within a like period. 
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tions attached by nature to their birthplace, it is inconceivable 
that so dense a population as such wholesale destruction of life 
supposes could find the means of subsistence, or content itself 
to dwell, on a territory liable, a dozen times in a century, to 
such fearful devastation. There can be no doubt, however, 
that the low continental shores of the German Ocean very fre¬ 
quently suffered immense injury from inundation by the sea, 
and it is natural, therefore, that the various arts of resistance to 
the encroachments of the ocean, and, finally, of aggressive war¬ 
fare upon its domain, and of permanent conquest of its terri¬ 
tory, should have been earlier studied and carried to higher per¬ 
fection in the latter countries, than in England, which had less 
to lose or to gain by the incursions or the retreat of the waters. 

Indeed, although the confinement of swelling rivet’s by arti¬ 
ficial embankments is of great antiquity, I do not know that 
the defence or acquisition of land from the sea by diking was 
ever practised on a large scale until systematically undertaken 
by the Netherlander, a few centuries after the commencement 
of the Christian era. The silence of the Roman historians 
affords a strong presumption that this art was unknown to the 
inhabitants of the Netherlands at tho time of the Roman inva¬ 
sion, and tho elder Pliny’s description of tho modo of life along 
tho coast which has now been long diked in, applies precisely 
to the habits of tho peoplo who live on the low islands and 
mainland fiats lying outside of tho chain of dikes, and wholly 
unprotected by embankments of any sort. 

Origin of Sea-dikes. 

It has been conjectured, and not without probability, that tho 
causeways built by tho Romans across tho marshes of the Low 
Countries, in their campaigns against tho Germanic tribes, gave 
tho natives the first hint of the utility which might bo derived 
from similar constructions applied to a different purpose.* If 

* It hoa often been alleged by eminent writer* that a part of the fens in 
Linoolnahire wm reclaimed by aeo-dikea under the government of the Bo- 
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tliis is bo, it is one of the most interesting among the many in¬ 
stances in which the arts and enginery of war have been so 
modified as to be eminently promotive of the blessings of peace, 
thereby in some measure compensating the wrongs and suffer¬ 
ings they have inflicted on humanity.* The Lowlanders are 


mans. I have found no anoient authority in support of this assertion, nor 
can I refer to any passage in Roman literaturo in which sea-dikes ore express¬ 
ly mentioned otherwise than as walls or piers, except that in Pliny (Ilht. Nat., 
xxxvi. 24), where it is said that the Tyrrhenian Sea was excluded from the 
Luerine Lake by dikes. Dugdale, whoso enthusiasm for his subject led him to 
believe that recovering from the sea land subject to be flooded by it, was of 
divine appointment, because God said: “ Lot the waters under the heaven 
be gathered together unto one place and let the diy land appear,'* unhesita¬ 
tingly ascribes the reclamation of tho Lincolnshire fens to tho Romans, though 
he is able to cite but one authority, a passago in Tacitus's Life of Agricola, 
which certainly has no such meaning, in support of the assertion. —History of 
Embankment and Drainage, 2d edition, 1772. 

* It is worth mentioning, as an illustration of tho applicability of military 
instrumentalities to pacific art, that the sale of gunpowder in the United 
States was smaller during the late rebellion than bofore, because tho war 
caused the suspension of many public and privato improvements, in the exe¬ 
cution of whioh great quantities of powdor wero used for blasting. 

Tho ramo observation was mode in Franco during the Crimean war, and it 
Is alleged that, in general, not ton per cent, of the powder manufactured on 
elthor sido of the Atlantic is employed for military purposes. 

The blasting for the Mount Conis tunnol consumed gunpowder enough to fill 
more than 200,000,000 musket cartridges. 

It is a faot not creditable to the moral senso of modem civilization, that 
very many of the most important improvements in machinery and tho work¬ 
ing of metals have originated in the necessities of war, and that man's highest 
ingenuity has beon shown, and many of his most remarkable triumphs ox*er 
natural foroos aohieved, in the oontrivanoe of engines for the destruction of his 
fellow-man. The military material employed by the first Napoloon has be- 
oome, in less than two generations, nearly as obsolete as the sling and stono of 
the shepherd, and attaok and defence now begin at distances to whioh, half a 
oentury ago, military reoonnoissanoes hardly extended. Upon a partial view 
of the subjoot, the human race seems destined to become its own execu¬ 
tioner—on the one hand, exhausting the oapaoity of the earth to furnish sus¬ 
tenance to her taskmaster; on the other, compensating diminished production 
by inventing more efficient methods of exterminating tho oonsumer. At the 
present moment, at an epooh of universal peace, the whole dviiised world, 
with the happy exception of our own oountry, is devoting its utmost ener- 
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believed to have secured some coast and bay islands by ring- 
dikes, and to have embanked some fresh-water channels, as 
early as the eighth or ninth century; but it docs not appear that 
sea-dikes, important enough to bo noticed in historical records, 
were constructed on the mainland before the thirteenth cen¬ 
tury. The practico of draining inland accumulations of water, 
whether fresh or salt, for the purpose of bringing under culti¬ 
vation the ground they cover, is of later origin, and is said not 
to have been adopted until after tho middle of the fifteenth 
century.* 

Oaw and Loss of Land in the Netherlands. 

The total amount of surface gained to tho agriculture of the 
Netherlands by diking out tho sea and by draiuing shallow bays 
and lakes, is estimated by Staring at three hundred and fifty- 
five thousand bunder or hectares, equal to eight hundred and 
seventy-seven thousand two hundred and forty acres, which is 
one-tenth of tho area of tho kingdom.f In very many instan¬ 
ces tho dikes have been partially, in some particularly exposed 
localities totally, destroyed by tho violence of tho sea, and tho 
drained lands again flooded. In some cases tho soil thus pain- 

glea, applying 1 tho highest exorciso of inventive gcuius, to tho production of 
now engines of war; and tho luto extraordinary riso in tho prioo of iron and 
oopper is in groat part due to tho consumption of tlioso metals in tho fabrica¬ 
tion of arms and armed voshoIs. Tho simplo substitution of shoot*oopper for 
paper and other materials in the manufacture of cartridges has ineroasod tho 
market-price of oopper by a largo percentage on its formor cost 

But war develops great oivil virtues, and brings into notion n dogroo and 
kind of physioal energy which seldom fails to awakon a now intolloctual life 
in a people that achioves great moral and political results through groat horo- 
ism and endurance and persoveranco. Domestic corruption has destroyed 
more nations than foreign invasion, and a peoplo is rarely conquered till it has 
deserved subjugation. 

• Staring, Voormaalt en Thant , p, 150. 

t Idem, p. 103. Much the largest proportion of the lands so reolnimod, 
though for the most part lying above low-water tidomark, are at a lower 
level than the Lincolnshire fens, and more subject to inundation from the 
irruptions of the sea. 
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fully won from the ocean has been entirely lost; in others it 
has been recovered by repairing or rebuilding the dikes and 
pumping out the water. Besides this, the weight of the dikes 
gradually sinks them into the soft soil beneath, and this loss of 
elevation must be compensated by raising the surface, while the 
increased burden thus added tends to sink them still lower. 
“Tetens declares,” says Kohl, “that in some places the dikes 
have gradually sunk to the depth of sixty or even a hundred 
feet.”* For these reasons, the processes of dike-building have 
been almost everywhere again and again repeated, and thus 
the total expenditure of money and of labor upon the works 
in question is much greater than would appear from an esti¬ 
mate of the actual cost of diking-in a given extent of coast- 
land and draining a given area of water-surfaco.t 


Loss of Land ly Incursions of Sea . 

On the other hand, by erosion of the coast-line, the drifting 
of sand-dunes into the interior, and the drowning of fens and 
morasses by incursions of the sea—all caused, or at least 
greatly aggravated, by human improvidence—the Netherlands 

* Die Inseln und Marschen dcrIleriogthamcr Schleswig und Holstein , lit, p. 

101 . 

f The purely agricultural island of Pelworm, off the coast of Sohlcswi?, 
containing about 10,000 acres, annually expends for the maintenance of its 
dikes not less than £0,000 sterling, or nearly $30,000.— J. G. Kohl, Inseln 
find Mar when Schleswig's und Holstein's , ii., p. 804. 

The original cost of the dikos of Pelworm is not stated. 

“ The greatest part of the province of Zeeland is protected by dikes measur¬ 
ing 250 miles in length, the maintenance of whioh costs, in ordinary years, 
more than a million guilders [above $400,000]. . • . The annual expendi¬ 
ture for dikes and hydraulio works in Holland is from flvo to seven million 
guilders ” [$2,000,000 to $2,800,000].— Wild, Die Niedcrluide, i. f p. 02. 

Ono is not sorry to learn that the Spanish tyranny In the Netherlands had 
somo compensations. The great chain of ring-dikes which surrounds a large 
part of Zeeland is due to the energy of Caspar de Robles, the Spanish govomor 
of that province, who in 1070 ordered the construction of these works at the 
publio expense, as a substitute for the private embankments which had pre¬ 
viously partially served the same purposo.— Wild, Die Niedcrlande, i., p. 02. 
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have lost a far larger area of land since the commencement of 
the Christian era than they have gained by diking and drain¬ 
ing. Staring despairs of the possibility of calculating the loss 
from the first-mentioned two causes of destruction, but ho esti¬ 
mates that not less than six hundred and forty thousand bun¬ 
der, or one million five hundred and eiglityono thousand 
acres, of fen and marsh have been washed away, or rather de¬ 
prived of their vegetable surface and covered by water; and 
thirty-seven thousand bunder, or ninety-one thousand four hun¬ 
dred acres, of recovered laud, have been lost by the destruction 
of the dikes which protected them.* Tho average value of 
land gained from tho sea is estimated at about nineteen pounds 
sterling, or ninety dollars, per acre; while tho lost foil and 
morass was not worth more than ono twenty-fifth part of the 
6ame prico. Tho ground buried by the drifting of tho dunes 
appears to have been almost entirely of this latter character, 
and, upon tho whole, there is no doubt that tho soil added by 
human industry to tho territory of tho Netherlands, within tho 
historical period, greatly exceeds in pecuniary value that which 
has fallen a prey to tho waves during the same ora. 

Upon most low and shelving coasts, like those of tho Nether¬ 
lands, tho maritime currents aro constantly changing, in con¬ 
sequence of tho variability,of tho winds, and tho shifting of 
tho sand-banks, which the currents themselves now form and 
now displace. While, therefore, at ono point tho sea is advanc¬ 
ing landward, and requiring great effort to prevent the under¬ 
mining and washing away of tho dikes, it is shoaling at another 
by its own deposits, and exposing, at low water, a gradually 
widening belt of 6ands and ooze. Tho coast-lands selected for 
diking-in aro always at points where tho sea is depositing pro¬ 
ductive soil. Tho Eider, tho Elbe, tho Wesor, tho Ems, tho 
Rhino, tho Maas, and tho Schelde bring down largo quantities 
of fiuo earth. Tho provalonco of west winds prevents tho 
waters from carrying this material far out from tho coa6t, and 
it is at last deposited northward or southward from tho mouth 

* 8TARXXO, Voormaali en Than *, p. 1C3. 
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of the rivers which contribute it, according to the varying drift 
of the currents. 

Marine Deposits. 

The process of natural deposit which prepares the coast for 
diking-in is thus described by Staring: M All sea-deposited soil 
is composed of the same constituents. First conies a stratum 
of sand, with marine shells, or the shells of mollusks living in 
brackish water. If there be tides, and, of course, flowing and 
ebbing currents, mud is let fall upon the sand only after the 
latter has been raised above low-water mark; for then only, at 
the change from flood to obb, is the water still enough to form 
a deposit of so light a material. Where mud is found at great 
depths, as, for example, in a large proportion of the Ij, it is a 
proof that at this point there was never any considerable tidal 
flow or other current. . . . The powerful tidal currents, 

flowing and ebbing twice a day, drift sand with them. They 
scoop out the bottom at one point, raise it at another, and the 
sand-banks in the current are continually shifting. As soon a9 
a bank raises it3elf above low-water mark, flags and reeds es¬ 
tablish themselves upon it. The mechanical resistance of these 
plants checks the retreat of the high water and favors the 
deposit of the earth suspended in it, and the formation of land 
goes on with surprising rapidity. When it has risen to high- 
water level, it is soon covered with grasses, and becomes what 
is called sehor in Zeeland, kwelder in Friesland. Such grounds 
are the foundation or starting-point of the process of diking. 
When they are once elevatod to the flood-tide level, no more 
mud is deposited upon them except by extraordinary high tides. 
Their further rise is, accordingly, very slow, and it is seldom 
advantageous to delay longer tho operation of diking.” # 

* VoormadU m Than*, pp. 150,101. Aooording to Reventlov, eonferta 
tot appear at tho bottom In shoal water, then, after the deposit hoe risen 
above the surface, Sulieomia herbaesa. The Salicomia is foUowed by various 
sand-plants, and so the ground rises, by Poa distant and Poa maritum , and 
finally oommon grasses establish themselves.—Oft JfarkdannsUmpoa Vmtkys* 
to of 8mig, pp. 7, & 
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Seardikes of the Netherlands. 

Tlie formation of new banks by the sea is constantly going 
on at points favorable for tho deposit of 6and and earth, and 
hence opportunity is continually afforded for enclosure of new 
laud outside of that already diked in, tho coast is fast advanc¬ 
ing seaward, and every now embankment increases tho security 
of former enclosures. The province of Zeeland consists of 
islands washed by the 6ea on their western coasts, and separated 
by the many channels through which tho Schelde and somo 
other rivers find their way to tho ocean. In the twelfth century 
these islands were much smaller and more numerous than at 
present. They have been gradually enlarged, and, in several 
instances, at last connected by tho extension of their system of 
dikes. Walchercn is formed of ton islets united into one about 
tho end of tho fourteenth century. At tho middle of tho fif¬ 
teenth century, Gocrco and Ovcrflakkco consi6tod of separuto 
islands, containing altogether about ten thousand acres; by 
means of above sixty successive advances of tho dikes, they 
have been brought to compose a single island, whoso area is not 
less than sixty thousand acres.* 

In the Netherlands—which the first Napoleon characterized 
as a deposit of the Rhine, and as, therefore, by natural law, 
rightfully the property of him who controlled tho sources of 
that great river—and on tho adjacent Frisic, Low German, and 
Danish shores and islands, sea and river dikes havo been con¬ 
structed on a grander and more imposing scale thau in auy other 
country. The whole economy of tho art has been thoro most 
thoroughly studied, and tho literature of tho subjoctis very ox- 
tensive. For my present aim, which is concerned with results 
rather than with processes, it is not worth while to refer to 

* Starixo, Voormaali en Than*, p. 153. Kohl states that tho poninsula of 
Diksand on tho ooast of Holstein consisted, at tho oloso of tho loot oontuxy, 
of sovorol islands measuring together less than ftvo thousand ooros. In 1837 
they had boon oonnocted with tho mainland, and had nearly doublod in area. 
— Intel* u. Markhm Scldms. UoUL % iiL, p. 803. 
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professional treatises, and I shall content myself with present¬ 
ing such information as can be gathered from works of a more 
popular character. 

The superior strata of the lowlands upon and near the coast 
are, as we have seen, principally composed of soil brought down 
by the great rivers I have mentioned, and either directly de¬ 
posited by them upon the sands of the bottom, or carried out 
to 6ca by their currents, and then, after a shorter or longer ex¬ 
posure to the chemical and mechanical action of 6alt-water and 
marine currents, restored again to the land by tidal overflow 
and subsidence from the waters in which it was suspended. At 
a very remote period the coast-flats were, at many points, 
raised so high by successive alluvions or tidal deposits as to be 
above ordinary lngh-watcr level, but they were still liable to 
occasional inundation from river-floods, and from the seawater 
also, when heavy or long-continued west winds drove it land¬ 
wards. The extraordinary fertility of this soil and its security 
as a retreat from hostile violence attracted to it a considerable 
population, while its want of protection against inundation ex- 
jx>sed it to the devastations of which the chroniclers of the 
Middle Ages have left such highly colored pictures. The first 
permanent dwellings on the coast-flats were erected upon arti¬ 
ficial mounds, and many similar precarious habitations still 
exist on the unwalled islands and shores beyond the chain of 
dikes. River embankments, which, os is familiarly known, 
have from the earliest antiquity been employed in many coun¬ 
tries where sea-dikes are unknown, were probably the first 
works of this character constructed in the Low Countries, and 
wlion two neighboring streams of fresh water had been em¬ 
banked, the next step in the process would naturally be to con¬ 
nect the river-walls together by a transverse dike or raised 
causeway, which would serve as a means of communication be¬ 
tween different hamlets and at the same time secure the inter¬ 
mediate ground both against the backwater of river-floods and 
against overflow by the sea. The oldest true sea-dikes describ¬ 
ed in historical records, however, are those enclosing islands in 
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the estuaries of the great rivers, and it is not impossible that 
the double character they possess as a security against mari¬ 
time floods and as a military rampart, led to their adoption 
upon those islands before similar constructions had been attemp¬ 
ted upon the mainland. 

At 6ome points of the coast, various contrivances, such as 
piers, piles, and, in fact, obstructions of all sorts to the ebb of 
the current, are employed to facilitate the deposit of slime, 
before a regular enclosure is commenced. Usually, however, 
the first step is to build low and cheap embankments, extend¬ 
ing from an older dike, or from high ground, around the parcel 
of flat intended to be secured. These are called summer dikes. 
They are erected when a sufficient extent of ground to repay 
the cost has been elevated enough to bo covered with coarse 
vegetation fit for pasturage. They servo both to secure the 
ground from overflow by the ordinary flood-tides of mild 
weather, and to retain the slime deposited by vory high wator, 
which would otherwise be partly carried off by the retreating 
ebb. The elevation of the soil goes on slowly after this; but 
when it ha6 at last been sufficiently enriched, and raised high 
enough to justify the necessary outlay, permanent dikes aro 
constructed by which the water is excluded at all seasons. 
These embankments aro constructed of sand from tho coast- 
dunes or from sand-banks, and of earth from tho mainland or 
from flats outside tho dikes, bound and strengthened by 
fascines, and provided with sluices, which aro generally 
founded on piles and of very expensive construction, for drain¬ 
age at low water. Tho outward slope of tho sea-dikes is gentle, 
experience having shown that this form is least exposed to in¬ 
jury both from tho waves and from floating ice, and tho most 
modem dikes aro even more moderato in tho inclination of tho 
seaward scarp than the older ones.* Tho crown of tho diko, 
however, for tho last three or four feet of its height, is much 
steeper, being intended rather as a protection against the spray 

* The inclination varies from one foot ri»e in fo;ur of base to one foot in 
fourteen.— Kohl, iii, p. 210. 
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than against the waves, and the inner slope is always compara¬ 
tively abrupt. 

The height and thickness of dikes varies according to the 
elevation of the ground they enclose, the rise of the tides, the 
direction of the prevailing winds, and other special causes of 
exposure, but it may be 6aid that they are, in general, raised 
from fifteen to twenty feet above ordinary high-water mark. 
The water-slopes of river-dikes are protected by plantations of 
willows or strong somi-aquatic shrubs or grasses, but as these 
will not grow upon banks exposed to salt-water, sea-dikes must 
bo faced with stone, fascines, or some other revetement .* 
Upon the coast of Schleswig and Holstein, where the people 
have less capital at their command, they defend their embank¬ 
ments against ice and the waves by a coating of twisted straw 
or reeds, which must be renewed as often as once, sometimes 
twice a year. The inhabitants of these coasts call tho chain of 
dikes “ the golden border,” a name it well deserves, whether 
we suppose it to refer to its enormous cost, or, as is more 
probable, to its immense value as a protection to their fields 
and their firesides. 

When outlying flats are enclosed by building new embank- 

* The dikes ore sometimes founded upon piles, and sometimes protected 
by one or more rows of piles driven deeply down into the bed of the sea in 
front of them. 4< Triple rows of piles of Scandinavian pine,” says Wild, 
14 have been driven down along tho coast of Friesland, where there Are no 
dunes, for a distanoe of one hundrod and fifty miles. The pUes aro bound to¬ 
gether by strong cross-timbers and iron damps, and the interstices filled with 
atones. The ground adjacent to the piling is secured with fascines, and at 
exposed points heavy blooks of stone are heaped up as an additional protec¬ 
tion. The earth-dike Is built behind the mighty bulwark of this breakwater, 
and its foot also is fortified with stones.” ... 41 The great Holder 
dike Is about five miles long and forty feet wide at the top, along which 
runs a good road. It slopes down two hundred feet into the sea, at an angle 
of forty degrees. Tho highest waves do not reach the summit, the lowest 
always oover its base. At oertain distances, immense buttresses, of a height 
and width proportioned to those of the dike, and even more strongly built, 
run several hundred foot out into the rolling sea. This gigantio artificial 
ooast is entirely composed of Norwegian granite.”— Wild, DU 2VUdirland*, t, 
pp. 01, 69. 
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mcnts, tho old interior dikes are suffered to remain, both as an 
additional security against the waves, and because the removal 
of them would be expensive. They servo, also, as roads or 
causeways, a purpose for which tho embankments nearest tho 
sea are seldom employed, because the whole structure might 
be endangered from the breaking of the turf by wheels and 
the hoofs of horses. Where successive rows of dikes have been 
thus constructed, it is observed that tho ground defended by 
tho more ancient embankments is lower than that embraced 
within tiie newer enclosures, and this depression of level has 
been ascribed to a general subsidence of the coast from geo¬ 
logical causes ;* but tho better opinion seems to be that it is, in 
most cases, duo merely to tho consolidation and settling of tho 
earth from being more effectually dried, from the weight of 
tho dikes, from the tread of men and cattle, and from tho 
movement of tho heavy wagons which carry off tho crops.f 

* A similar subsidence of the surface is observed in the diked ground of the 
Lincolnshire fens, where there is no reason to suspeet a general depression 
from geological causes. 

f The shaking of the ground, even when loaded with largo buildings, 
by the passage of heavy carriages or artillery, or by tho march of a body 
of cavalry or even infantry, shows that such causes may produce important 
mechanical effects on tho oondition of the soil. Tho bogs in tho Netherlands, 
os in most other countries, contain largo numbers of fallen trees, buried to a 
certain depth by earth and vegetable mould. When the bogs oro dry 
enough to serve as postures, it is observed that trunks of these ancient trees 
rise of thorasclves to the surface. Staring ascribes this singular phenomenon 
to tho agitation of tho ground by tho tread of cattle. “ When roadbods,” 
observes he, 44 are constructed of gravel and pebbles of different sizes, and 
these latter are placed at the bottom without being broken and roUcd 
hard togother, they are soon brought to the top by tho effect of travel on 
tho road. Lying loosely, they undergo some motion from tho passage of 
every wagon-whoel and the tread of every horso that posses over them. This 
motion is an oscillation or partial rolling, and os ono side of a pobble is 
roisod, a little fine sand or earth is forced undor it, and tho frequent re¬ 
petition of this process by oattle or carriages moving in opposito directions 
brings it at last to the surfaoo. We may supposo that a similar effoot is 
produoed on the stems of trees in the bogs by the tread of animals.”*— 2)s 
Dodcm tan Nodcrland, i., pp. 73,70. 

It is observed in the Northern United States, that when soils containing 
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Notwithstanding this slow sinking, most of the land enclosed 
by dikes is still above low-water mark, and can, therefore, be 
wholly or partially freed from rain-water, and from that re¬ 
ceived by infiltration from higher ground, by sluices opened 
at the ebb of the tide. For this purpose tho land is carefully 
ditched, and advantage is taken of every favorable occasion for 
discharging the water through the sluices. l$ut the ground 
cannot be effectually drained by this means, unless it is ele¬ 
vated four or five feet, at least, above the level of tho ebb-tide, 
because the ditches would not otherwise have a sufficient 
descent to carry the water off in the short interval between 
ebb and flow, and because tho moisture of tho saturated sub¬ 
soil is always rising by capillary attraction. Whenever, there¬ 
fore, tho soil has sunk below the level I have mentioned, and in 


pebbles are cleared and cultivated, and the stones removed from the surface, 
new pcbblos, and even bowlders of many pounds weight, continue to show 
themselves above the ground, overy spring, for a long series of years. In 
olayey soils the fence-posts are thrown up in a similar way, and it is not un¬ 
common to see the lower rail of a fenoe thus gradually xaised a foot or even 
two feet above the ground. This rising of stones and foncos is popularly 
ascribed to the action of tho sovoro frosts of that climate. Tho expansion 
of tho ground, in freezing, it is said, raises its surface, and, with tho surfaoo, 
objects lying near or connooted with it. When the soil thaws in the spring, 
it settles baok again to its former level, while the pebbles and posts aro pre¬ 
vented from sinking as low as before by loose earth which has fallen under 
thorn. The faot that the elevation spoken of is obsorved only in the spring, 
gives countenance to this theory, which is perhaps applicable also to tho 
oases stated by Staring, and it is probable that the two causes above assigned 
ooncur in produoing tho effeot. 

Tho question of tho subsidenoe of the Netherlandish coast has boen much 
discussed. Not to mention earlier geologists, Venema, in several essays, and 
particularly in Ilct Dalen van de Noordclijke Kustst reken van ons Land , 1834, 
adduces many foots and arguments to prove a slow sinking of the northern 
provincos of Holland. Laveleye {Affamcment du sol et envasement des fieuves 
surcenus dans Us temps historiques ) 1850), upon a stiU fuUer investigation, ar¬ 
rives at the same oonolusion. The eminent geologist Staring, however, who 
briefly refers to the subject in De Bodem van Nederland , i, p. 350 et seqq ., 
does not oonslder the evidence sufficient to prove anything more than tho sink¬ 
ing of the surfaoe of the polders from drying and consolidation.— See Elis£s 
Reclub, La Terr ^ vol L, pp. 780,780. 



DRAINING OF LAKES. 


417 


cases where its surface has never been raised above it, pumps, 
worked by wind or some other mechanical power, must bo very 
frequently employed to keep the land dry enough for pasturage 
and cultivation.* 

Draining of the Luke of Haarlem . 

The substitution of steam-engines for the feeblo and uncer¬ 
tain action of windmills, in driving pumps, has much facili¬ 
tated the removal of water from the polders as well as tho 
draining of lakes, marshes, and shallow bays, and thus given 
such an impulse to these enterprises, that not less than one 
hundred and ten thousand acres wore reclaimed from the 
waters, and added to tho agricultural domain of tho Nether¬ 
lands, between 1S15 and 1S5S. Tho most important of these 
undertakings was the draining of tho Lake of Haarlem, and for 
this purpose somo of tho mo»t powerful hydraulic engines over 
constructed were designed and cxceutcd.f Tho origin of this 
lake is unknown. It is supposed by some geographers to be a 
part of an ancient bed of tho Rhino, tho channel of which, as 
there is good reason to believe, has undergone great changes 
since the Roman invasion of tho Netherlands; by others it is 
thought to have once formed an inland marino channel, sopa- 


* Tho elevation of tho lands enoloscd by dikos—or poldcrt, us tboy are 
called in Holland—abovo low-wator mark, depends upon the height of the 
tides, or, in other words, upon tho difference between ebb and flood. Tho 
tide cannot deposit earth higher than it flows, and aftor the ground is onoe en¬ 
closed, the decay of tho vegetables grown upon it and tho addition of manures 
do not compcnsato the depression occasioned by drying and consolidation. 
On the coast of Zeeland and tho islands of South Holland, the tides, and of 
course the surface of tho lands deposited by thorn, are so high that the 
polders can be drained by ditching and slaioes, but at other points, as iu 
the enclosed grounds of North Holland on the Zuiderzee, whore tho tide 
rises but three foot or even less, pumping is necessary from the beginning, 
—Stahixo, VoormaaU tn Thant, p. 152. 

t The principal engino, of 500 horse-power, drove eleven pumps with a 
total delivery of 81,000 cubio yards per hour.— Wild, Die IfedvrUtnde, L, 
P. 87. 
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rated from the sea by a chain of low islands, which the sand 
washed up by the tides has since connected with the mainland 
and converted into a continuous line of coast. The best 
authorities, however, find geological evidence that the surface 
occupied by the lake was originally a marshy tract containing 
within its limits little solid ground, but many ponds and inlets, 
and much floating as well as fixed fen. 

In consequence of the cutting of turf for fuel, and the de¬ 
struction of the few trees and shrubs which held the* loose soil 
together with their roots, the ponds are supposed to have grad¬ 
ually extended themselves, until the action of the wind upon 
their enlarged surface gave their waves sufficient force to over¬ 
come the resistance of the feeble barriers which separated 
them, and to unite them all into a single lake. Popular tradi¬ 
tion, it is true, ascribes the formation of the Lake of Haarlem 
to a single irruption of the sea, at a remote period, and con¬ 
nects it with one or another of the destructive inundations of 
which the Ncthcrland chronicles describe so many; but on a 
map of the year 1531, a chain of four smaller waters occupies 
nearly the ground afterwards covered by the Lake of Haarlem, 
and they have most probably been united by gradual encroach¬ 
ments resulting from the improvident practices above referred 
to, though no doubt the consummation may have been hastened 
by floods, and by the neglect to maintain dikes, or the inten¬ 
tional destruction of them, in the long warn of the sixteenth 
century. 

The Lake of Haarlem was a body of water not far from 
fifteen miles in length, by seven in greatest width, lying be¬ 
tween the cities of Amsterdam and Leyden, running parallel 
with the coast of Holland at the distance of about live miles 
from the sea, and covering an area of about 45,000 acres. By 
means of the Ij, it communicated with the Zuiderzee, the 
Mediterranean of the Netherlands, and its surfaco was little 
above the mean elovation of that of tho sea. Whenever, there¬ 
fore, the waters of tho Zuiderzee were acted upon by strong 
north-west winds, those of the Lake of Haarlem were raised pro- 
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port ion ally and driven southwards, while winds from the south 
tended to create a flow in the opposite direction, Tho shores 
of tho lake were everywhere low, and though between tho years 
17C7 and 184S more than $1,700,000 had been expended in 
checking its encroachments, it often burst its barriers, and 
produced destructive inundations. In November, 1S3G, a south 
wind brought its waters to tho very gates of Amsterdam, and 
in December of tho same year, in a north-west gale, they over¬ 
flowed twenty thousand acres of land at tho southern extremity 
of the lake, and flooded a part of tho city of Loydcn. Tho 
depth of water in the lako did not, in general, exceed fourteen 
feet, but tho bottom was a semi-fluid ooze or slime, which par¬ 
took of tho agitation of tho waves, and added considerably to 
their mechanical force. Serious fears were entertained that 
the lako would form a junction with the inland waters of tho 
Lcgmccr and Mijdrecht, swallow up a vast extent of valuablo 
soil, and finally endanger tho security of a largo proportion of 
the land which the industry of Holland had gained in tho 
course of centuries from the ocean. 

For this reason, and for tho sako of tho large addition tho 
bottom of tho lako would niako to tho cultivable soil of tho 
state, it was resolved to drain it, and tho preliminary steps for 
that purpose were commenced in tho year 1840. The first 
operation was to surround tho entiro lako with a ring-canal 
and dike, in order to cut off the communication with tho Ij, and 
to exclude tho water of tho streams and morasses which dis¬ 
charged themselves into it from the land side. The dike was 
composed of different materials, according to tho means of 
supply at different points, such as sand from tho coast-dunes, 
earth and turf excavated from tho lino of tho ring-canal, and 
floating turf,* fascines being everywhere used to bind and com- 

* In England and New England, whore the marshos have been already 
drained or are of comparatively email extent, tho oxistenoo of largo floating 
blonde eoorne inorediblo, and bee sometimes been troated ae a fablo, but no 
geographioal foot ie better established. Kohl (Jnsdn und Manchm ScJikswig* 
JloltUini, ill, p. 300) reminde no that Pliny mentions among the wonders 
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pact tho mass together. This operation was completed in 1S48, 
and three steam-pumps were then employed for five years in 
discharging the water. The whole enterprise was conducted at 
the expense of the state, and in 1853 the recovered lands were 
offered for sale for its benefit. Up to 1858, forty-two thousand 
acres had been sold at not far from sixteen pounds sterling or 


of Germany the floating islands, oovered with trees, whioh met the Roman 
fleets at the mouths of the Elbe and the Weser. Our author speaks also of 
having visited, in tho territory of Bremen, floating moors, bearing not only 
houses but whole villages. At low stages of the water these moors rest upon 
a bed of sand, but are raised from six to ton feet by the high water of spring, 
and remain afloat until, in the courso of tho summer, tho water beneath in 
exhausted by evaporation and drainage, when they sink down upon tho sand 
again. 

Staring explains, in on interesting way, the whole growth, formation, and 
functions of floating fens or bogs, in his very valuable work, Be Bodcm ran 
Nederland\ i., pp. 30-43, The substance of his account is as follows: Tho 
first condition for the growth of the plants which compose the substance of 
turf and the surface of the fens, is stillness of the wator. Hence they 
are not found in running streams, nor in pouls so large as to be subject to 
frequent agitation by the wind. For example, not a single plant grew in tho 
open part of the Lake of Haarlem, and fens ccaso to form in all pools as soon 
as, by the cutting of the turf for fuel or othor purposes, their area is suffi¬ 
ciently enlarged to be much acted on by wind. When still water abovo a 
yard deep is left undisturbed, aquatic plants of various genera, such ns Nu- 
phar, Nymphtco, Limnanthomum, Stratiotes, Polygonum, and Potamogeton, 
fill tho bottom with roots and cover the surface with leaves. Many of tho 
plants die every year, and prepare at the bottom a soil fit for the growth of 
a higher order of vegetation, Phragmites, Acorus, Sparganium, Rumex, 
Lythrum, Pcdicularis, Spircoa, Polystichum, Comarum, Caltha, etc., etc. In 
the course of twenty or thirty years the muddy bottom is filled with roots of 
aquatio and marsh plants, whioh are lighter than water, and if the depth is 
great enough to give room for detaching this vegetable network, a couple of 
yards for example, it rises to the surface, bearing with it, of course, the soil 
formed above it by decay of stems and leaves. New genera now appear upon 
the mass, such a Carex, MenyantheB, and others, and scon thiokly oover it. 
The turf has now acquired a thickness of from two to four feet, and is 
oalledin Groningen lad; in Friesland, ttf, titland , or drtfftil; in Overijsso', 
krag; and in Holland, rietiod. It floats about as driven by the wind, grad¬ 
ually increasing in thickness by the decay of its annual crops of vegetation, 
and in about half a century reaches the bottom and becomes fixed. If it 
has not been invaded in the meantime by men or cattle, trees end arboresoent 
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seventy-seven dollars an acre, amounting altogether to £061,000 
sterling or $3,200,000. The unsold lands were valued at more 
than £0,000 or nearly $30,000, and as the total cost was £764,- 
500 or about $3,700,000, the direct loss to the state, exclusive of 
interest on the capital expended, may be stated at £100,000 or 
something less than $500,000. 

The success of this operation has encouraged others of like 


plants, Alnufl, Salix, Myrica, etc., appear, and these contribute to hasten the 
attachment of tho turf to tho bottom, both by thoir weight and by sending 
their roots quite through into the ground/’ 

This is tho regular method employed by nature for tho gradual filling up of 
shallow lakes and pools, and converting them first into morons and then into 
dry land. Wlionovor, therefore, man removes tho peat or turf, he exerts an 
injurious geographical agency, and, as I have already taid, thoro is no doubt 
that tho immense extension of tho inland seas of Holland in modern times is 
owing to this and other human imprudences. “Hundreds of hoctarcs of 
lloating pastures,” says our author, “ which have nothing in their appearance 
to distinguish them from grass-lands resting cn solid bog, aro found in 
Overijbscl, in North Holland, and near Utrecht. In bhort, thoy occur in all 
deep bogs, and wherever deep water is left long undisturbed/* 

In ono ca^o a lloating iblond, which had attached itself to tho shoro, con¬ 
tinued to float about for u long timo after it wan torn of? by a Hood, and was 
solid enough to keep u pond of fresh water upon it sweet, though tho water 
in which it was swimming had bccomo brackish from tho irruption of tho sea. 
After tho hay is cut, cattlo aro pastured, aud occasionally root-crops grown 
upou theso islands, and they sometimes have largo trees growing upon them. 

When the turf or peat lus been cut, leaving water less than a yard deep, 
Equisetum limosum grows at opce, and is followed by tho second class of 
marsh plants mentioned abovo. Their roots do not become detached from the 
bottom in 6uch shallow water, but form ordinary turf or peat. Theso pro¬ 
cesses are 60 rapid that a thickness of from threo to six feet of turf is 
formed in half a century, and many men have lived to mow grass where thoy 
had fished in their boyhood, and to out turf twice in tho same spot. In 
Ireland the growth of peat is said to bo much more rapid. Elis&e Re- 
club, La Terre , i, 591, 592. But see Asejoiinsex, Tore og Tondrtft, ii., 
29, 30. 

Captain Gilliss says that l>eforo Lake Taguataga in Chili was drained, there 
were in it islands composed of dead plants matted together to a thickness of 
from four to six feet, and with trees of medium size growing upon thorn* 
These islands floated before the wind “ with their trees and browsing oattlo." 
—United States Naval Astronomical Expedition to tf* Southern Hemisphere , L, 
PP. 10,17. 
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nature in Holland. The Zuid Plas, which covered 11,500 acres, 
and was two feet deeper than the Lake of Ilaarlem, has been 
drained, and a similar work now in course of execution on an 
arm of the Schell, will recover about 35,000 acres. 

In a country like the United States, of almost boundless 
extent of sparsely inhabited territory, such an expenditure for 
6uch an object would be poor economy. But Holland has a 
narrow domain, great pecuniary resources, an excessively 
crowded population, and a consequent need of enlarged room 
and opportunity for the exercise of industry. Under such cir¬ 
cumstances, and especially with an exposure to dangers so for¬ 
midable, there is no question of the wisdom of the measure. 
It has already provided homes and occupation for more than 
five thousand citizens, and furnished a profitable investment for 
a private capital of not less than £400,000 sterling or $2,000,- 
000, which has been expended in improvements over and 
above the purchase money of the soil; and the greater part 
of this sum, as well as of the cost of drainage, has been paid as 
a compensation for labor. The excess of governmental 
expenditure over the receipts, if employed in constructing 
6hips of war or fortifications, would have added little to the 
military strength of the kingdom; but the increase of terri¬ 
tory, the multiplication of homes and firesides which the peo¬ 
ple have au interest in defending, and the augmentation of 
agricultural resources, constitute a stronger bulwark against 
foreign invasion than a ship of the line or a fortress armed with 
a hundred cannon. 

Draining of the Zuiderzee. 

I have referred to the draining of the Lake of Haarlem as 
an operation of great geographical as well as economical and 
mechanical interest. A much more gigantic project, of a 
similar character, is now engaging the attention of the Nether¬ 
landish engineers. It is proposed to drain the great salt-water 
basin called the Zuiderzee. This inland sea covers au area of 



DRAINING OF TIIE ZUIDERZEE. 


423 


not less than two thousand square miles, or about one million 
three hundred thousand acres. The seaward half, or that por¬ 
tion lying north-west of a line drawn from Enkhuizen to Sta- 
voren, is believed to have been converted from a marsh to an 
open bay 6ince the fifth century after Christ, and this change 
is ascribed, partly if not wholly, to the interference of man 
with the order of nature. The Zuiderzee communicates with 
the sea by at least six considerable channels, separated from 
each other by low islands, and the tide rises within tho basin to 
the height of three feet. To drain tho Zuiderzee, these chan¬ 
nels must first be closed and tho passage of the tidal Hood 
through them cut off. If this bo done, tho const currents will 
he restored approximately to the lines they followed fourteen 
or fifteen centuries ago, and tliero can bo little doubt that an 
appreciable effect will thus bo produced upon all tho tidal 
phenomena of that coast, and, of course, upon tho maritime 
geography of Holland. 

A ring-dike and canal must then be constructed around tho 
landwaid side of tho basin, to exclude and carry off tho fresh¬ 
water streams which now empty into it. One of these, tho 
Ijsscl, a considerable river, has a course of eighty miles, and is, 
in fact, one of the outlets of the Rhine, though augmented by 
the waters of several independent tributaries. These prepa¬ 
rations being made, and perhaps transverse dikes erected at 
convenient points for dividing tho gulf into smaller portions, 
the water must bo pumped out by machinery, in substantially 
the 6ame way as in the case of the Lake of Haarlem.* No safe 
calculations can be made as to the expenditure of timo and 
money required for tho execution of this stupendous enter¬ 
prise, but I believe its practicability is not denied by compe¬ 
tent judges, though doubts are entertained as to its financial 


* Tho dependence of man upon the aid of spontaneous naturo, in his roost 
arduous material works, 1 a curiously iUustratcd by tho fact that one of tho 
most serious difficulties to be encountered in executing this gigontio scheme is 
that of procuring brushwood for tho fascines to be employed in the embank¬ 
ments. See Diggelen’s pamphlet, * 4 Groote Werkcn in Nederland," 
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expediency.* The geographical results of this improvement 
would be analogous to those of the draining of the Lake of 
Haarlem, but many times multiplied in extent, and its meteor¬ 
ological effects, though perhaps not perceptible on the coast, 
could hardly fail to be appreciable in the interior of Holland. 

The bearing of the works I have noticed, and of others simi¬ 
lar in character, upon the social and moral, as well as the 
purely economical, interests of the people of the Netherlands, 
has induced mo to describe them more in detail than the gene¬ 
ral purpose of this volume may be thought to justify; but if 
we consider them simply from a geograpliical point of view, 
we shall find that they aro possessed of no 6inall importance as 
modifications of the natural condition of terrestrial surface. 
There is good reason to beliove that before the establishment of 
u partially civilized race upon the territory now occupied by 
Dutch, Frisic, and Low German communities, the grounds not 
exposed to inundation were overgrown with dense woods; that 
the lowlands between these forests and the sea-coasts were 
marshes, covered and partially solidified by a thick matting of 
peat-plants and shrubs interspersed with trees; and that even 
the sand-dunes of the shore wore protected by a vegetable 
growth which, in a great measure, prevented the drifting and 
translocation of them. 

The present causes of river and coast erosion existed, in¬ 
deed, at the period in question; but 6omo of them must have 
acted with less intensity, there were 6trong natural safeguards 
against the influence of marine and fresh-water currents, and 
the conflicting tendencies had arrived at a condition of approx¬ 
imate equilibrium, which permitted but slow and gradual 


# The plan at present most in favor is that whioh proposes the drainage of 
only a portion of the southern half of the Zuiderzee, which covers not for 
from 400,000 acres. The projeot for the construction of a ship-oanol directly 
from Amsterdam to the North Sea, now in course of exeoution, embraces the 
drainage of the Ij, a nearly land-locked basin communicating with the Zui¬ 
derzee and covering more than 12,000 aores. See official reports on these 
projects in Droogmaking vom het tuidelj/k gededU der Zuidmee , t$ #* Qra* 
xmhage, ISOS, 4ta 
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changes in the face of nature. The destruction of the forests 
around the sources and along the valleys of tlio rivers by man 
gave them a more torrential character. The felling of the 
trees, and the extirpation of the shrubbery upon the fens by 
domestic cattle, deprived the surface of its cohesion and con¬ 
sistence, and the cutting of peat for fuel opened cavities in it, 
which, filling at once with water, rapidly extended themselves 
by abrasion of their borders, and finally enlarged to pools, 
lakes, and gulfs, like the Lake of Haarlem and the northern 
part of the Zuiderzee. The cutting of the wood and the depas¬ 
turing of the grasses upon the sand-dunes converted them from 
solid bulwarks against the ocean to loose accumulations of 
dust, which every sea-breeze drove farther landward, burying, 
perhaps, fertile soil and choking up water-courses on one side, 
and exposing the coast to erosion by the sea upon the other. 

Geographical Effect of Physical Improvements in the 
Netherlands. 

The changes which human action has produced within 
twenty centuries in the Netherlands and the neighboring 
provinces, are certainly of no small geographical importance, 
considered simply os a direct question of loss and gain of terri¬ 
tory. They have also, as we shall see hereafter, undoubtedly 
been attended with some climatic consequences, they havo 
exercised a great influence on the spontaneous animal and 
vegetable life of this region, and they cannot have failed to 
produce effects upon tidal and other oceanic currents, the 
range of which may bo very extensive. The foreo of the 
tidal wave, the height to which it rises, the direction of its 
currents, and, in fact, all the phenomena which characterize it, 
as well as all tho effects it produces, depend as much upon tho 
configuration of tho coast it washes, and tho depth of water, 
and form of bottom near tho shore, as upon tho attraction 
which occasions it. Every one of tho terrestrial conditions 
which affect the cliaracter of tidal and other marine currents 
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lias been very sensibly modified by the operations I have de¬ 
scribed, and on this coast, at least, man has acted almost as 
powerfully on the physical geography of the sea as on that of 
the land.* 


Ancient Hydraulic Works. 

The hydraulic works of the Netherlands and of the neigh¬ 
boring states are of such magnitude that—with the exception of 
tho dikes of the Mississippi—they quite throw into the shade all 
other known artificial arrangements for defending the land 
agaiimt tho encroachments of the rivers and tho sea, and for 
reclaiming to the domain of agriculture and civilization soil 
long covered by the waters. But although tho recovery and 
protection of lands flooded by the sea seems to bo an art wholly 
of Netherlandish origin, wo have abundant evidonco that, in 
ancient as well as in comparatively modern times, great enter¬ 
prises more or less analogous in character havo been success¬ 
fully undertaken, both in inland Europe and in tho less familiar 
countries of tho East. 

In many cases no historical record remains to inform us 
when or by whom such works were constructed. Tho Greeks 
and Romans, the latter especially, were more inclined to under¬ 
take and carry out stupendous material enterprises than to 
boast of them; and many of tho grandest and most important 
constructions of thoso nations are absolutely unnoticed by con¬ 
temporary annalists, and are first mentioned by writers living 
after all knowledge of the epochs of the projectors of these 
works had perished. Thus tho aqueduct kuown as tho Font du 
Gard, near Nimcs, which, though not surpassing in volume or 
iu probable cost other analogous constructions of ancient and 
of modern ages, is yet among the most majestio and imposing 
remains of ancient civil architecture, is not so much os spoken 

* See, on tho influence of the artificial modification of the ooaet-line on 
tidoe and other marine oarrente, Staring, D§ Bodrn van 2Ted*rland t i., p 
879. 
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of by any Roman author,* and wo aro in absolute ignorance 
of tho age or the construction of the remarkable tunnel cut to 
drain Lake Copais in Bceotia. This lake, now reduced by 
sedimentary deposit and the growth of aquatic and semi- 
aquatic vegetation to the condition of a marsh, was originally 
partially drained by natural subterranean outlets in the under¬ 
lying limestone rock, many of which still exist. But these 
emissaries, or katavothra, as they are called in both ancient, and 
modern Greek, were insufficient for tho discharge of tho water, 
and besides, they were constantly liable to bo choked by earth 
and vegetables, and in such cases tho lake rose to a height 
which produced much injury. To remedy this evil and secure 
a great accession of fertile soil, at some period anterior to tho 
existence of a written literature in Greece and ages before tho 
time of any prose author whose works have come down to us, 
two tunnels, one of them four miles long, and of course not 
inferior to the Torlonian emissary in length, were cut through 
tho 6olid rock, and may still bo followed throughout thoir 
whole extent. They wore repaired in tho time of Alexander 
tho Great, in tho fourth century before Christ, and their date 
was at that tiino traditionally referred to tho reign of rulers 
who lived as early as tho period of tho Trojan war. 

One of tho best known hydraulic works of tho Romans is 
tho tunnel which serves to discharge the surplus waters of tho 
Lake of Albano, about fourteen miles from Romo. This lake, 

* One reason for the silcnco of Homan writers in respect to groat mntoriul 
improvements which had no imincdiato relation to military or political 
objects, is doubtless tho contempt in which mechanical operations aud me¬ 
chanical contrivances woro hold by that nation of spoilers. Even the 
engiuccr, upon whoso skill tho attack or dcfcuco of a great city depended, 
was only pr&fietu* fttbruin, tho master-artisan, and had no military rank or 
command. This prejudice continued to a late period in tho Middlo Ages, 
and the chiefs of artiUcry woro equally without grade or title as soldiers. 

“ The occupations of all artisans,** says Cicero, “ aro base, and tho shop can 
have nothing of the respectable.” De OjJlciU, L L, 42. Tho position of the 
surgeon relatively to the physician, in England, is a romnant of tho same 
prejudice, which stiU survives in full vigor in Italy, with regard to both trade 
end industry. See p. G, ante. 
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about six miles in circuit, occupies one of the craters of an ex¬ 
tinct volcanic range, and the surface of its waters is about uine 
hundred feet above the sea. It is fed by rivulets aud subterra¬ 
nean springs originating in the Alban Mount, or Monte Cavo, 
the most elevated peak of the volcanic group just mentioned, 
which rises to the height of about three thousand feet. At 
present the lake has no discoverable natural outlet, and it is not 
known that the water ever stood at such a height as to flow reg¬ 
ularly over the lip of the crater. It seems that at the earliest 
period of which we have any authentic memorials, its level was 
usually kept by evaporation, or by discharge through subterra¬ 
nean channels, considerably below the rim of the basin which 
encompassed it, but in the year 397 b.o., the water, either 
from the obstruction of such channels, or in consequence of 
increased supplies from unknown sources, roso to such a height 
as to flow over the edge of the crater, and threaten inundation 
to the country below by bursting through its walls. To obviate 
this danger, a tunnel for carrying off the water was pierced at, 
a level much below the height to which it had risen. This gal¬ 
lery, cut entirely with the chisel through the rock for a distance 
of six thousand feet, or nearly a mile and onc-scvcnth, is etill in 
60 good condition as to serve its original purpose. The fact 
that this work was contemporaneous with the siege of Veii, 
has given to aneiont annalists occasion to connect the two 
events, but modern critics aro inclined to reject Livy’s account 
of the matter, as one of the many improbable fables which dis¬ 
figure the pages of that historian. It is, however, repeated by 
Cicero and by Dionysius of Halicarnassus, and it is by no means 
impossible that, in an age when priests and soothsayers monopo¬ 
lized both the arts of natural magic and the little which yet 
existed of physical science, the Government of Romo, by their 
aid, availed itself at once of the superstition and of tho mili¬ 
tary ardor of its citizens to obtain their sanction to an enter¬ 
prise which sounder arguments might not have induced them 
to approve. 

Still more remarkable is the tunnel cut by the Emperor 
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Claudius to drain the Lake Fucinus, now Lago di Cclano, in 
the former Neapolitan territory, about fifty miles eastward of 
Rome. This lake, as far as its history is known, has varied 
very considerably in its dimensions at different periods, accord¬ 
ing to the character of the seasons. It lies 2,200 feet above 
the sea, and has no visible outlet, but was originally either 
drained by natural subterranean conduits, or kept within cer¬ 
tain extreme limits by evaporation. In years of uncommon 
moisture it spread over the adjacent soil and destroyed the 
crops; in dry seasons it retreated, and produced epidemic 
disease by poisonous exhalations from the decay of vegetable 
and animal matter upon its exposed bed. Julius Caesar had 
proposed the construction of a tunnel to lower the bed of the 
lake and provide a regular discharge for its waters, but the 
enterprise was not actually undertaken until tho reign of Clau¬ 
dius, when—after a temporary failure, from errors in levelling 
by tho engineers, as was protended at tho time, or, as now ap¬ 
pears certain, in consequence of frauds by tho contractors in tho 
execution of tho work—it was at least partially completed. 
From this imperfect construction, it soon got out of repair, but 
was restored by Hadrian, and is said to have answered its do- 
sign for some centuries.* In tho barbarism which followed 
the downfall of the empiro, it again fell into decay, and though 
numerous attempts were mode to repair it during tho Middlo 
Ages, no tolerable success seems to have attended any of these 
efforts until tho present generation. 

Draining of Lake Cclano by Prince Torlonia. 

Works have been some years in progress and are now sub¬ 
stantially completed, at a cost of about six millions of dollars, 
for restoring, or rather enlarging and rebuilding, this ancient 

* The fact alluded to in a noto on p. 07, unto, that since tho opouing of a 
communication between Lake Cclano and tho Garigliano by tho workA notioed 
in the text, fish, of spocios common in tho lako, but not previously found in 
the river, have become naturalized in tbe Garigliano, it a circumstance of 
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tunnel, upon a scale of grandeur 'vvliicli docs infinite honor to 
the liberality and public spirit of the projectors, and with an 
ingenuity of design and a constructive skill which reflect the 
highest credit upon the professional ability of the engineers 
who have planned the works and directed their execution. The 
length of the Roman tunnel was 18,634 feet, or rather more 
than threo miles and a half, but as the new emissary is designed 
to drain the lake to the bottom, it must bo continued to the 
lowest part of the basin. It will consequently have a length of 
not less than 21,000 feet, and, of course, is among the longest 
subterranean galleries in Europe. Many curious particulars in 
the design and execution of the original work have been ob¬ 
served in the couvse of the restoration, but these cannot here bo 
noticed. The difference between the lowest and highest known 
levels of the surface of the lake is rather more than forty feet, 
and the difference between the areas covered by water at these 
levels is not lees than nine thousand acres. The complete 
drainage of the lake, including the ground occasionally flooded, 
will recover, for agricultural occupation, and permanently 
6Ccuro from inundation, about forty-two thousand acres of as 
fertile soil as any in Italy.* The ground already dry enough 
for cultivation furnishes occupation and a livelihood for a 
population of 10,000 persons, and it is thought that this num- 

somo weight aa evidence that the emissary was not octuaUy open in ancient 
times; for if the waters had boen really oonneeted, the fish of the lake would 
naturally have followed the descending current and established themselves in 
the river ns they have done now. 

* Springs rising in the bottom of the lake have materially impeded the pro¬ 
cess of drainage, and some engineers believe that they wiU render the completo 
discharge of the waters impossible. It appears that the earthy and rocky 
strata underlying the lako are extremely porous, and that the ground already 
laid dry on the surfaoe absorbs an abnormally large proportion of the precipi¬ 
tation upon it. These strata, therefore, oonstitute a reservoir which contri¬ 
butes to maintain tlie springs fod chiefly, no doubt, by underground channels 
from the neighboring mountains. But it is highly probable that, after a cer¬ 
tain time, the prooess of natural desioeation notioed in note to p. 20, ante, will 
drain this reservoir, and the entire removal of the surface-water will then 
booomo pr acticable. 
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bcr will be augmented to 40,000 when the drainage shall be 
completely effected. 

The new tunnel follows the line of tho Claudian emissary— 
•which though badly executed was admirably engineered—but 
its axis is at a somewhat lower level than that of tho old 
gallery, and its cross-section is about two hundred and fifteen 
square feet, allowing a discharge of about 2,400 cubic feet 
to the second, while tho Roman work had a cross-section of 
only one hundred and two square feet, with a possible delivery 
of 424 cubic feet to the second. 

In consequence of the nature of the rock and of tho soil, 
which had been loosened and shattered by tho falling in of 
much of tho crown and walls of tho old tunnel—every stone 
of which it was necessary to remove in tho progress of tho 
work—and the great head of water in tho lake from unusually 
wet seasons, tho technical difficulties to bo surmounted wore 
most baffling and discouraging in character, and of such extreme 
gravity that it may well be doubted whethor tho art of engi¬ 
neering has anywhere triumphed over more serious obstacles. 
Tire great “ victory of peace ”—probably tho grandest work 
of physical improvement ever effected by tho means, tho 
energy, and the munificence of a single individual—is of no 
small geographical and economical, as well as sanitary, impor¬ 
tance, but it has a still higher moral value as an almost unique 
example of tho exorcise of public spirit, courage, and persever¬ 
ance in tho accomplishment of a noble and beneficent enter¬ 
prise by a private citizen.* 

The crater-lako of Nemi, in the same volcanic region as that 
of Albano, is also drained by a subterranean tunnel probably of 

* The draining of Lako Cclano was undertaken by a company, but Prince 
Alessandro Torlonia of Borne bought up the interest of all the shareholders 
and has executed the entire work at his own privato exponso. Montriobcr, 
tho celebrated constructor of tho great aqueduct of ^Marseilles, was tho engi¬ 
neer who designed and partly carried out the plans, and after his laraontable 
death the work has been directed with equal ability by Bcrmont and Brisse. 
—See Leon db Botbou, Pro*dugamento dd Lago Fuciao^ 8va Firenze. 
1871. 




432 


CONSEQUENCES OF DRAINING LAKES. 


veiy ancient construction, and the Valle-Riccia appears to liavo 
once been the basin of a lake long since laid dry, but whether 
by the bursting of its banks or by human art we are unable 
to 6ay. 

The success of the Lake Celano tunnel has suggested other 
like improvements in Italy. A gallery has been cut, under cir¬ 
cumstances of great difficulty, to drain Lake Agnano near 
Naples, and a project for the execution of a similar operation 
on the Lake of Perugia, the ancient Trasimenns, which covers 
more than 40,000 acres, is under discussion. 

Many similar enterprises have been conceived and executed 
in modern times, both for the purpose of reclaiming land 
covered by water and for sanitary reasons.* They are some¬ 
times attended with wholly unexpected evils, as, for example, 
in the case of Barton Pond, in Vermont, and in that of a lake 
near Ragunda in Sweden, already mentioned on a former page. 
Another still less obvious consequence of the withdrawal of 
the waters has occasionally been observed in these operations. 
The hydrostatic forco with which the water, in virtuo of its 
specific gravity, presses against the banks that confine it, has a 
tendency to sustain them whenever their composition and text¬ 
ure are not such as to expose them to softening and dissolu¬ 
tion by the infiltration of the water. If, then, the slope of the 
banks is considerable, or if the earth of which they are eom- 

* A considerable work of this character is mentioned by Captain Gillies as 
having been cxocuted in Chili, a country to whioh we should hardly have 
looked for an improvement of such a nature. The Lake Taguataga was par¬ 
tially drained by outting through a narrow ridge of land, not at the natural 
outlet, but upon one side of the lake, and oight thousand aores of land cov¬ 
ered by it were gained for cultivation.— U, 8, Naval Astronomical Expedi¬ 
tion to the Southern Hemisphere , i., pp. 10,17. 

Lake Balaton and the Neusiodler See in Hungary have lately been, at least 
partially, drained. 

The lakes of Neuohatel, Bienne, and Morat, in Switzerland, have been con¬ 
nected and the oomxnon level of all of them lowered about four foot. The 
works now in operation will produoe, in the courso of the year 1874, a further 
depression of four feet, and recover for agricultural use more than twelve 
thousand acres of fertile soil. 
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posed rests on a smooth and slippery stratum inclining towards 
the bed of the lake, they are liable to fall or slido forward 
when the mechanical support of the water is removed, and 
this sometimes happens on a considerable scale. A few years 
ago the surface of the Lake of Lungern, in the Canton of Un- 
terwalden, in Switzerland, was lowered by driving a tunnel 
about a quarter of a mile long through the narrow ridge, called 
the Kaiserstuhl, which forms a barrier at the north end of tho 
basin. When tho water was drawn off, the banks, which are 
6teep, cracked and burst, several acres of ground slid down as 
low as the water receded, and even tho whole village of Lun¬ 
gern was thought to be in no small danger.* 

Mountain Lakes. 

Other inconveniences of a very serious character have often 
resulted from tho natural wearing down, or, much moro fre¬ 
quently, the imprudent destruction, of tho barriers which con¬ 
iine mountain lakes. In their natural condition, 6uch basins 
servo both to receive and retain tho rocks and other detritus 
brought down by the torrents which empty into them, and to 
cheek the impetus of tho rushing waters l»y bringing thorn to 

* In the couruo of tho year 1804 thcro wore slides of tho bonks of tho Lako 
of Como, and in one caso tho grounds of a villa noar tho water suffered a con¬ 
siderable displacement. Moro important slips occurred at Fosiolo on tlio 
shore of Logo Mnggioro in 1807 and 1800, and on tho Lako of Orta in 18C8. 
These occurrences excited some apprehensions in regard to tho possible effects 
of projects then under discussion for lowering tho level of some of tho Italian 
lakes, to obtain an increased supply of water for irrigation and as a mechani¬ 
cal power, but as it was not proposed to depress tho surface bolow tho lowest 
natural low-water level, thcro seems to havo been littlo ground for the fears 
expressed. 

Soo, for important observations on tho charaoter and probable results of 
theso projects, Tagliaslcciii, NmtizU etc. tlci Guuili ddT AUa Lombardia , 
Milano, 1871. 

Jooini says: 44 A largo proportion of tho water of the lakes, instoad of dis¬ 
charging itself by tho Ticino, tho Adda, tho Oglio, tho Mincio, filters through 
tho silioioas strata whioh underlio tho hills, and follows subtorranoau chan¬ 
nels to the plain, whore it collects in the fontaniU , and being thence oon- 
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a temporary pause; but if the outlets are lowered so as to 
drain the reservoirs, the torrents continue their rapid flow 
through the ancient bed of the basins, and carry down with 
them the 6and and gravel with which they are charged, in¬ 
stead of depositing their burden as before in the still waters of 
the lakes. 

It is a common opinion in America that the river meadows, 
bottoms, or intervales , as they are popularly called, are gene¬ 
rally the beds of ancient lakes which have burst their barriers 
and left running currents in their place. It was shown by Dr. 
Dwight, many years ago, that this is very far from being uni¬ 
versally true; but there is no doubt that mountain lakes were 
of much more frequent occurrence in primitive than in modern 
geography, and there are many chains of such still existing in 
regions where man lias yet little disturbed the original fea¬ 
tures of the earth. In the long valleys of the Adirondack 
range in Northern Now York, and in the mountainous parts of 
Maine, eight, ten, and even more lakes and lakclots are some¬ 
times found in succession, each emptying into the next lower 
pool, and 60 all at Inst into some considerable river. When 
the mountain slopes which supply these basins shall bo strip¬ 
ped of their woods, the augmented swelling of the lakes will 
break down their barriers, their waters will run off, and the 
valleys will present successions of flats with rivers running 
through them, instead of chains of lakes connected by natural 
canals. 

A similar state of tilings seems to have existed in the ancient 
geography of Franco. “ Nature,” says Lavergne, “ has not ex¬ 
cavated on the flanks of our Alps reservoirs as magnifleeut os 

duoted into the canals of irrigation, becomes a source of groat fertility /’—Ln 
J^roprietd Fondiaria^ etc., p. 144 

The quantity of water escaping from the lakes by infiltration dope mix much 
on the hydrostatic pressure on the bottom and the walls of the lake-basins, and 
consequently the depression of the lake surface, diminishing this pressure, 
would diminish the infiltration. Hence it is possible that the lowering of 
the level of these lakes would manifest itself in a decreased supply of wator 
for the springs, fontanili, snd wells of Lombardy. 
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those of Lombardy; slio had, however, constructed smaller 
hut more numerous lakes, which the improvidence of man has 
permitted to disappear. Auguste do Gasparin demonstrated 
more than thirty years ago that many natural dikes formerly 
existed in the mountain valleys, which have been swept away 
by the waters.” * 

Many Alpine valleys in Switzerland and Italy presont un¬ 
questionable evidence of the former existence of chains of lakes 
in their basins, and this may be regarded as a general fact in 
regard to the primitive topography of mountainous regions. 
Where the forests have not been destroyed, the lakes remain 
as characteristic features of tho geographical surface. But 
when the woods are felled, these reservoirs are sooner or later 
filled up by wash from the shores, and of course disappear. 
Geologists have calculated tho period when tho bottom of tho 
Lake of Geneva will be levelled up and its outlet worn down. 
The Rhone will then flow, in an unbroken current, from its 
source in the great Rhono glacier to the Mediterranean Sea. 

Draining of Swamjys. 

The reclamation of bogs and swamps by draining off tho 
surface-water is doubtless much more ancient than tho drain¬ 
ing of lakes. Tho beneficial results of the former mode of 
improvement are more unequivocal, and balanced by fewer 
disadvantages, and, at the 6amo time, tho processes by which it 
is effected are much simpler and more obvious. It has ac¬ 
cordingly been practised through tho whole historical period, 
and in recent times operations for this purpose havo assumed a 
magnitude, and been attended with economical as well as 
sanitary and geographical effects, which entitle them to a high 
place in tho efforts of man to ameliorate the natural conditions 
of tho 6oil ho occupies. 

The methods by which tho draining of marshes is ordinarily 
accomplished are too familiar, and examples of their successful 


Economic Rural* <U la Francs, p. 260. 



436 


DRAINING OF 6WAMPS. 


employment too frequent, to require description, and I shall con¬ 
tent myself, for the moment, with a brief notice of some recent 
operations of this sort which are less generally known than their 
importance merits. 

Within the present century more than half a million acres 
of swamp-land have been drained and brought under cultiva¬ 
tion in Hungary, and works are in progress which will ulti¬ 
mately recover a still larger area for human use. The most 
remarkable feature of these operations, and at the same time 
the process which has been most immediately successful and 
remunerative, is what is called in Europe the regulation of 
water-courses, and especially of the River Theiss, on the lower 
course of which stream alone not less than 250,000 acres of pes¬ 
tilential and wholly unproductive marsh have been converted 
into a healthful region of the most exuberant fertility. 

The regulation of a river consists in straightening its channel 
by cutting off bends, securing its banks from erosion by floods, 
and, where necessary, by constructing embankments to confine 
the waters and prevent them from overflowing and stagnating 
upon the low grounds which skirt their current. In the course 
of the Theiss about sixty bends, including some of considerable 
length, have been cut off, and dikes sufficient for securing the 
land along its banks against inundation have been constructed. 

Many thousaud acres of land have been recently permanently 
improved in Italy by the draining of swamps, and extensive 
operations have been projected and commenced on the lower 
Rhone, and elsewhere in France, with the same object.* 

* Very interesting And important experiments, on the practicability of wash* 
ing out the salt from seaooast lands too highly impregnated with that mineral 
to be fit for cultivation, are now in progress near the mouth of the Rhone, 
where millions of acres of marshy soil oan easily be recovered, if these experi¬ 
ments are successful. 

See Duponchbl, Ti'aiti dPHydravUque ct do Geologic agricola . Paris, 1303, 
chap. xi. and xii. 

In the neighborhood of Ferrara are pools and marshes oovering nearly two 
hundred square miles, or a surface more than equal to eight American town¬ 
ships. Centrifugal steam-pump*, of 2,000 horse-power, capable of disoharging 
more than six hundred and fifty millions of gallons of water per day, have 
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But there is probably no country where greater improve¬ 
ments of this sort have either been lately effected, or aro now 
in course of accomplishment, than in our own. Not to speak 
of well-known works on the New Jersey seacoast and the 
shores of Lake Michigan, the peoplo of the new State of Cali¬ 
fornia are engaging in this mode of subduing nature with as 
much enterprise and energy os they have shown in the search 
for gold. The Report of the Agricultural Department of the 
United States for January, 1872, notices, with more or less 
detail, several highly successful experiments in California in 
the way of swamp-drainage and securing land from overflow, 
and it appears that not far from 200,000 acres havo either very 
recently undergone or will soon be subjected to this method of 
improvement. 


Agricultural Draining . 

I havo commenced this chapter with a description of the 
dikes and other hydraulic works of the Nctherland engineers, 
because both the immediate and the remoto results of such 
operations are moro obvious and more easily measured, though 
certainly not moro important, than thuso of much older aud 
more widely diffused modes of resisting or directing the flow 
of waters, which havo been practised from remoto antiquity in 
the interior of all civilised countries. Draining and irrigation 
arc habitually regarded as purely agricultural processes, having 
little or no relation to technical geography; but wo 6hall find 
that they exert a powerful influence on soil, climate, and animal 
and vegetable life, and may, therefore, justly claim to be re¬ 
garded as geographical elements. 

Superficial draining is a necessity in all lands nowly re¬ 
claimed from the forest. The faco of the ground in the woods 
is never so regularly inclinod as to permit water to flow freoly 

lately been constructed in England for draining those marshes. This disohargo 
is equal to an area of 040 acres, or a mile square, with nearly throe feet of 
water. 
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over it. There are, even on the hillsides, small ridges and de¬ 
pressions, partly belonging to the original distribution of the 
soil, and partly occasioned by irregularities in the growth and 
deposit of vegetable matter. These, in the husbandry of 
nature, servo as dams and reservoirs to collect a larger supply 
of moisture than the 6pongy earth can at once imbibe. Be¬ 
sides this, the vegetable mould is, even under the most favor¬ 
able circumstances, slow in parting with the humidity it has 
accumulated under the protection of the woods, and the infil¬ 
tration from neighboring forests contributes to keep the soil of 
small clearings too wet for the advantageous cultivation of 
artificial crops. For these reasons, surface draining must have 
commenced 'with agriculture itself, and there is probably no 
cultivated district, one may almost say no single field, which is 
not provided with artificial arrangements for facilitating tho 
cseapo of superficial water, and thus carrying off moisture which, 
in the natural condition of the earth, would have been imbibed 
by the soil. 

All these processes belong to the incipient civilization of tho 
antc-historical periods, but the construction of subterranean 
channels for the removal of infiltrated water marks ages and 
countries distinguished by a great advance in agricultural 
theory and practice, a great accumulation of pecuniary capital, 
and a density of population which creates a ready demand and 
a high prico for all products of rural industry. Under-drain¬ 
ing, too, would be most advantageous in damp and cool climates, 
where evaporation is slow, and upon soils whore the natural 
inclination of surface does not promote a very rapid flow of tho 
surface-waters. All the conditions required to make this mode 
of rural improvement, if not absolutely necessary, at least 
profitable, exist in Great Britain, and it is, therefore, very 
natural that the wealthy and intelligent funnel's of England 
should have carried this practice farther, and reaped a more 
abundant pecuniary return from it, than those of any other 
country. 

Besides superficial and subsoil drains, there is another method 
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of disposing of superfluous surface*water, which, however, can 
rarely bo practised, because the necessary conditions for its 
employment are not of frequent occurrence. Whenever a 
tenacious water-holding stratum rests on a loose, gravelly bod, 
so situated as to admit of a freo discharge of water from or 
through it by means of tho outcropping of the bed at a lower 
level, or of deep-lying conduits leading to distant points of dis¬ 
charge, superficial waters may be carried off by opening a 
passage for them through tho impervious into tho permeable 
stratum. Thus, according to Bischof, as early as tho time of 
King R<5n<5, in the first half of tho fifteenth century, when sub¬ 
soil drainage was scarcely known, the plain of Paluns, near 
Marseilles, was laid dry by boring, and Wittwcr informs us that 
drainage is effected at AEunich by conducting the superfluous 
water into large excavations, from which it filters through into 
a lower stratum of pebble aud gravel lying a little above tho 
level of tho river Isar.* So at Washington, in tho western 
part of the city, which lies high abovo tho rivers Potomac and 
Rock Creek, many houses are provided with dry wells for 
draining their cellars and foundations. Theso extend through 
hard, tenacious earth to tho depth of thirty or forty foot, whon 
they strike a stratum of gravel, through which tho water readily 
passes off. 


* Phytikalische Oeographie, p. 288. This mothod is now frequently em¬ 
ployed in France. Details as to tho processes will be found in Maxoon, 
Pratique da Drainage, pp. 78 el eeqq. Draining- by driving down stakes, 
mentioned in a note in tho ohaptcr ou tbo Woods, ante, is a proooss of tbo 
same nature. 

In tbo United States, largo tracts of marshy ground, and oven shallow lakos 
of considerable extent, have been sufficiently draiuod not only for pasturage 
but for cultivation, without resort to any special measures for oftcoting that 
end. The ordinary prooosscs of rural improvoment in tbo vicinity, such as 
felling woods upon and around such grounds, and the construction of roads, 
the side ditches of which act as drains, over or near them, aided now and then 
by the removal of a fallen tree or other accidental obstruction in tho beds of 
smaU streams whioh flow from them, often suffico to reclaim milos square of 
unproductive swamp and water. See notes on p. 20, and on cedar swamps, 
p. 208, ante . 
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This practice has been extensively employed at Paris, not 
merely for carrying off ordinary surface-water, but for the dis¬ 
charge of offensive and deleterious fluids from chemical and 
manufacturing establishments. A well of this sort received, 
in the winter of 1832-’33, twenty thousand gallons per day 
of the foul water from a starch factory, and the same process 
was largely used in other factories. The apprehension of 
injury to common and artesian wells and springs led to an 
investigation on this subject by Girard and Parent Duchatelot, 
in the latter year. The report of these gentlemen, published 
in the Annales des Fonts et Chamsees for 1833, second half- 
year, is full of curious and instructive facts respecting the 
position and distribution of the subterranean waters under and 
near Paris; but it must suffice to say that the report came to 
the conclusion that, in consequence of the absolute immobility 
of these waters, and the relatively small quantity of noxious 
fluid to be conveyed to them, tlioro was no danger of the 
diffusion of such fluid if discharged into them. This result will 
not surprise tlioso who know that, in another work, Duchatelct 
maintains analogous opinions as to the effect of the discharge 
of the city sewers into the Seine or the waters of that river. 
The quantity of matter delivered by them he holds to bo 
so nearly infinitesimal, as compared with the volume of water 
of the river, that it cannot possibly affect it to a sensible de¬ 
gree, and therefore cannot render the Seine water unfit for 
drinking.* 


Meteorological affects of Draining . 

The draining of lakes diminishes the water-surfaco of tho 
soil, and consequently, in many cases, the evaporation from it, 


* Oosto found, in his experiment* on pisoioulture, that the fermentation, 
which takes place in the water of the Soine in oonsequenoe of the discharge 
of the drains into the river, destroyed a large proportion of the eggs of fish 
in his breeding basins. Analysis of Seine water by Boussinganlt in 18W 
detected a considerable quantity or ammonia. 
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as well as the refrigeration which attends all evaporation.* On 
the other hand, if the volume of water abstracted is great, its 
removal deprives its basin of an equalizing and moderating in¬ 
fluence ; for large bodies of water take very slowly the tem¬ 
perature of the air in contact with their surfaco, and aro 
almost constantly either sending off heat into the atmosphere 
or absorbing heat from it. Besides, as wo havo seen, lakes in 
elevated positions discharge more or less water by infiltration, 
and contribute it by the same procoss to other lakes, to springs, 
and to rivulets, at lower levels. IIcuco the draining of lakes, 
on a considerable scale, must modify both the humidity and 
the temperature of the atmosphere of the neighboring regions, 
and the permanent supply of ground-water for the lands lying 
below them. 


Meteorological Action of Marshes . 

The shallow water of marches, indeed, performs this latter 
function, but, under ordinary circumstances, marches exercise 

• The relative evaporating action of earth and water is a very complicated 
problem, and the results of observation on the subject aro conflicting. 
Schublcr found that at Geneva the evaporation from boro loose oarth, in the 
months of Dccomber, January, and February, was from two and a half to 
nearly six times as great as from a like surface of water in the other 
months. The evaporation from water was from about once and a half to six 
times as great as from earth. Taking tho whole year together, the evapora¬ 
tion from the two surfaces was 199// linos from earth and 530// lines from 
water. Experiments by Van dcr Steer, at tho Holder, in tho years 18lil and 
1602, showed, for the former year, an evaporation of 002.0 willimfctroa from 
water, 1399.0 millimetres from ground coverod with clover and other grassos; 
in 1803, the evaporation from water was GS4.5 millimetres, from grass- 
ground, 875.5.— Wilviklk, Dcr Roden and das 1 Vaster y p. 57; Kakcke, 
diet Klimaat tan Nederland , ii, p. 111. 

On tho othor hand, the evaporation from tho Nile in Egypt and Nubia is 
stated to be throe times as groat as that from an equal surface of tho soil 
whioh borders it— Lombardixi, Saggio Idrdogieo sal Nilo, Milano, 1804, 
and Appendix. The relative thcrmomotrical conditions of land and wator in 
the same vicinity are constantly varying, and the bygromotrical state of both 
Is oquaUy unstablo. Consequently thero is no general formula to express the 
proportionate evaporation from fluid and solid geographical sarfaoes. 




442 


ACTION OF MARSHES. 


in but a very small degree the compensating meteorological 
action which I have ascribed to largo expansions of deeper water. 
The direct rays of the sun and the warmth of the atmosphere 
penetrate to the soil beneath, and raise the temperature of the 
water which covers it; and there is usually a much greater 
evaporation from marshes than from lakes in the same region, 
during tho warmer half of the year. This evaporation implies 
refrigeration, and consequently the diminution of evaporation 
by tho drainage of swamps tends to prevent the lowering 
of the atmospheric temperaturo, and to lessen the frequency 
and severity of frosts. Accordingly it is a fact of experience 
that, other things being equal, dry soils, and tho air in contact 
with them, are perceptibly wanner during tho season of vegeta¬ 
tion, when evaporation is most rapid, than moist lands and tho 
atmospheric stratum resting upon them. Instrumental obser¬ 
vation on this special point has not yet been undertaken on a 
largo 6cale, but still we have thermometrio data sufficient to 
warrant tho general conclusion, and the influence of drainage 
in diminishing tho frequency of frost appears to bo ovon better 
established than a direct increase of atmospheric temperature. 
Tho steep and dry uplands of the Green Mountain range in 
New England ofton escape frosts when tho Iudian-com harvest 
on moister grounds, five hundred or even a thousand feet lower, 
is destroyed or greatly injured by them. Tho neighborhood of 
a marsh is sure to be exposed to late spring and early autumnal 
frosts, but they ccaso to be fearod after it is drained, and this is 
particularly observable in very cold climates, as, for example, 
in Lapland.* 

In England, under-drains are not generally laid below tho 
reach of daily variations of temperature, or below a point from 
which moisture, if not carried off by the drains, might be 

* “ The simplest backwoodsman knows by experience that oU cultivation is 
impossible in the neighborhood of bogs and marshes. Why is a crop near tho 
borders of a marsh out off by frost, whUe a field upon a hUlook, a few stone's 
throws from it, is spared? "—Labs Leyx Lsstadius, Om Uppodttngar i 
Lappmarkm, pp. 09,74. 
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brought to the surface by capillary attraction, and evaporated 
by the heat of the sun. They, therefore, like surfaco-drains, 
withdraw from local solar action much moisture which would 
otherwise be vaporized by it, and, at tho same time, by drying 
the soil above them, they increase its effective hygroscopicity, 
and it consequently absorbs from tho atmosphere a greater 
quantity of water than it did when, for want of under-drainage, 
the subsoil was always humid, if not saturated.* Under-drains, 
then, contribute to tho dryness as woll as to the warmth of tho 
atmosphere, and, as dry ground is more readily heated by tho 
rays of the sun than wet, they tend also to raise the mean, and 
especially tho summer, temperature of tho soil. 

Effects of Draining Lake of Haarlem. 

Tho meteorological influence of tho draining of lakes and of 
humid 6oils has not, so far as I know, received much attention 
from experimental physicists; but wo are not altogether with¬ 
out direct proof in support of theoretical and a priori conclu¬ 
sions. Thermomotrical observations have been regularly nmdo 
at Zwanenburg, near tho northern extremity of tho Lako of 
Ilaarlcm, for more than a century; and sinco 1S45 a similar 
registry has been kept at tho Holder, forty or fifty milos more 
to tho north. In comparing these two series of observations, it 
is found that towards tho end of 1S52, when tho draining of 
tho lako was finished, and tho following summer had com¬ 
pletely dried tho newly exposed soil—and, of course, greatly 

* Mangon thinks that tho diminution of evaporation by agricultural drain¬ 
age corresponds, in certain circumstancos, to five per cent, of the hoat received 
from the sun by the samo surfaco in a year. lie cites observations by Porkos, 
showing a difference in temperaturo of 5.5° [centigrade ?] in favor of drained, 
as compared with undrained, ground in tho samo vicinity.— luntruotions 
pratfyueg tnr Ic Drainage , pp. 227, 228. 

The diminution of evaporation is not tho only mode in whioh under-drain¬ 
ing affoots the temperature. Tho increased effeotivo hygrosoopioity of tho 
•oil increases its absorbent action, and tho condensation of atmoepherio vapor 
thus produced it attended with the manifestation of boat 
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diminished the water-surface—a change took place in the rela¬ 
tive temperature of those two stations. Taking the mean of 
each successive period of five days, from 1845 to 1852, both 
inclusive, the temperature of Zwauenburg was thirty-three 
hundredths of a degreo centigrade lower than at the Holder. 
From the end of 1852 the thermometer at Zwanenburg has 
stood, from the 11th of April to the 20th of September, twenty- 
two hundredths of a degree higher than that at Ilelder; but 
from the 14th of October to the 17th of March, it has marked 
one-tenth of a degreo lower than its mean between the same 
dates before 1853.* 

There is no reason to doubt that these differences are due to 
the draining of the lake. In summer, solar irradiation has 
acted more powerfully on the now exposed earth and of 
course on the air in contact with it; and there is no longer a 
largo expanse of water still retaining and of course impart¬ 
ing something of the winter tomporaturo; in wintor, tho earth 
has lost more heat by radiation than when covered by water, 
and tho influcnco of the lake, as a reservoir of warmth ac¬ 
cumulated in summer and gradually given out in whiter, was 
of course lost by its drainage. Doubtless tho quantity of 
moisture contained in the atmosphere lias been modified by tho 
same cause, but it does not appear that observations have been 
made upon this point. Facts lately observed by Olaisher tend 
to prove an elevation of not far from two degrees in the mean 
temperature of England during the course of tho last hundred 
years. For reasons which I have explained elsewhere, tho 
early observations upon which these conclusions are founded 
do not deserve entire confidence; but admitting the fact of the 
alleged elevation, its most probable explanation would be found 
in the more thorough draining of the soil by superficial and by 
subtorrancan conduits. 

So far as respects the immediate improvement of soil and 
climate, and the increased abundance of the harvests, the Eng¬ 
lish system of surface and subsoil drainage has fully justified 
• Kaxoxh, Het JCUmaat tan Nederland, ii., p, 04. 
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tlio eulogiums of its advocates; but its extensive adoption 
appear to have boon attended with 6ome altogether unforeseen 
and undesirable consequences, very analogous to those which 
I have described as resulting from the clearing of tho forests. 
The under-drains carry off very rapidly tho water imbibed by 
the soil from precipitation, and through infiltration from neigh¬ 
boring springs or other sources of supply. Consequently, in 
wet seasons, or after heavy rains, a river bordered by artifi¬ 
cially drained lands receives in a few hours, from superficial 
and from subterranean conduits, an accession of water which, 
in the natural state of tho earth, would havo reached it only 
by 6inall instalments after percolating through hidden paths 
for weeks or even months, and would have furnished peren¬ 
nial and comparatively regular contributions, instead of swelling 
deluges, to its channel. Thus, when human impatience rashly 
substitutes swiftly acting artificial contrivances for tho slow 
methods by which nature drains tho surfaco and superficial 
strata of a river-basin, tho original equilibrium is disturbed, 
the waters of the heavens are no longer stored up in tho earth 
to be gradually given out again, but aro hurried out of man’s 
domain with wasteful haste; and while tho inundations of tho 
river are sudden and disastrous, its current, when tho drains 
have run dry, is reduced to a rivulet, it ceases to supply tho 
power to drive the machinery for which it was once amply 
sufficient, and scarcely oven waters tho herds that pasturo upon 
its margin. 

Tho water of subterranean currents and reservoirs, as well as 
that of springs and common wells, is doubtless principally fur¬ 
nished by infiltration, and hence its quantity must vary with 
every change of natural surfaco which tends to accelorate or 
to retard tho drainage of tho surface-soil. The drainago of 
marshes, therefore, and all other methods of drying the super¬ 
ficial strata, whether by open ditches or by underground tubes 
or drains, has tho same effect as clearing off tho forest in de¬ 
priving the subterranean waters of accessions which they would 
otherwise receive by infiltration, and in proportion as the sphere 
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of such operation is extended, their influence will make itself 
felt in the diminished supply of water in springs and wells.* 

Geographical and Meteorological Effects of Aqueducts , 
Reservoirs , and Canals . 

Many of the great processes of internal improvement, such as 
aqueducts for the supply of great cities, railroad cuts and em¬ 
bankments, and the like, divert water from its natural channels, 
and affect its distribution and ultimate disclmrgo. The col¬ 
lecting of the waters of a considerable district into reservoirs, 
to bo thence carried off by means of aqueducts, as, for ex¬ 
ample, in the forest of Belgrade, near Constantinople, deprives 
the grounds originally watered by the springs and rivulets of 
the necessary moisture, and reduces them to barrenness.f Sim¬ 
ilar effects mu6t have followed from the construction of tho 
numerous aqueducts which supplied ancient Romo with such 


* Babinct condemns tho general draining of marshes. “ Draining/’ says 
he, “ has been much in vogue for some years, and it has been a special object 
to dr}’ and fertilize marshy grounds. I bcliovo that excessive dryness is thus 
produced, and that other Boils in the neighborhood aro sterilized in propor¬ 
tion .”—ktudes ct Lecture*, iv., p. 118. 

“ The extent of soil artificially dried by drainage is constantly increasing, 
and tho water received by the surfaoo from precipitation flows off by new chan¬ 
nels, and is in general carried off more rapidly than before. Must not this 
fact exercise an influence on tho regime of springs whoso basin of supply thus 
undergoes a more or less coraplote transformation?”— Bernhard Cotta, 
Preface to Paramklle, Qudlcnkunde , p. viL, viii. 

The effects of agricultural drainage aro perceptible at great depths. It has 
boon observed in Cornwall that deep mines are more free from water in weU- 
drainod districts than in those where drainage is not generally practised.— 
E8QUIROS, Revue dee Deux Monde*, 15 Nov., 1803, p. 430. 

See also AsbjOrnsen, Toro og Torvdrift , p. 81. 

f Soe a very interesting paper on the Water-Supply of Constantinople , by 
Mr. Homes, of the New York State Library, in the Albany Argus of Juno 0, 
1872. The system of aqueducts for the supply of water to that oity was com- 
monoed by Constantino, and the great aqueduct, frequently ascribed to Jus¬ 
tinian, whioh is 840 feet long and 112 feet high, is behoved to have been 
constructed during the reign of the former emperor. 
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a profuse abundance of water.* On the other hand, tho filtra¬ 
tion of water through the banks or walls of an aqueduct car¬ 
ried upon a high level across low ground, often injures tho 
adjacent soil, and is prejudicial to tho health of tho neighbor¬ 
ing population; and it has been observed in Switzerland and 
elsewhere, that fevers have been produced by tho stagnation of 
the water in excavations from which earth had been taken to 

form embankments for rail wavs. 

* 

If wo consider only tho influence of physical improvements 
on civilized life, wo shall perhaps ascribo to navigable canals a 
higher importance, or at least a more diversified influence, than 
to aqueducts or to any other works of man designed to control 
the waters of tho earth, and to affect their distribution. They 
bind distant regions together by social ties, through the agency 
of tho commerce they promote; they facilitate tho transporta¬ 
tion of military stores and engines, and of other heavy material 
connected with tho discharge of the functions of government; 
they encourage industry by giving marketable value to raw ma¬ 
terial and to objects of artificial elaboration which would other¬ 
wise bo worthless on account of the cost of conveyance; tlioy 
supply from their surplus waters means of irrigation and of 
mechanical power; and, in many other ways, they contributo 
much to advance the prosperity and civilization of nations. Nor 
arc they wholly without geographical importance. They some¬ 
times drain lands by conveying off water which would other¬ 
wise stagnate on tho surface, and, on the other hand, like aquo- 
ducts, they render tho neighboring soil cold and moist by tho 
percolation of water through their embankments; f they dam 

* Tbo unbcalthincss of tho Homan Campagna is ascribed by many mediasval 
as well as later writers to tho escape of water from tho ancient aqueducts, 
which had fallen out of repair from neglect, or been broken down by enemies 
in tho sieges of Rome. 

f Sismondi, speaking of tho Tuscan canals, observes: “ But inundations 
are not tho only damago caused by tho waters to tho plains of Tuscany. 
Raisod, as the canals are, abovo the soil, the water percolates through 
their bonks, penetrates every obstruction, and, in spite of all tbo efforts 
of industry, sterilizes and turns to morassos Helds which naturo and tho 
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up, check, and divert the course of natural currents, and de¬ 
liver them at points opposite to, or distant from, their original 
outlets; they often requiro extensive reservoirs to feed them, 
thus retaining through the year accumulations of water— 
which would otherwise run off, or evaporate in the dry sea¬ 
son—and thereby enlarging the ovaporable surface of tlio 
country; and we have already seen that they interchange the 
flora and the fauna of provinces widely separated by nature. 
All these modes of action certainly influence climate and the 
character of terrestrial surface, though our means of observation 
are not yet perfected enough to enable us to appreciate and 
measure their effects. 

Antiquity of Irrigation. 

We know little of the history of the extinct civilizations 
which preceded the culture of the classic ages, and no nation 
has, in modern times, spontaneously emerged from barbarism, 
and created for itself the arts of social life.* The improve- 

richness of the soil seemed to have designed for the most abundant har¬ 
vests. In ground thus pervaded with moisture, or rendered cold, as the 
Tuscans express it, by the filtration of the canal-water, the vines and tho 
mulborrics, after paving for a few years yielded fruit of a saltish taste, rot 
and perish. The wheat decays in the ground, or dies as soon as it sprouts. 
Winter crops are given up, and summer cultivation tried for a time ; but the 
increasing humidity, and tho saline matter communicated to the earth— 
vihich affects the taste of all its products, even to the grasses, which the cat¬ 
tle refuse to touch—at last compel the husbandman to abandon his fiolds. and 
leave uncultivated a soil that no longer repays liis labor.”— Tableau de VAgri¬ 
culture 2 r oicanc y pp. 11, 12. 

* I ought perhaps to except the Mexioans and the Peruvians, whoso arts 
and institutions are not yet shown to be historically connected with chose of 
any more ancient people. The lamentable destruction of so many memorials 
of these tribes, by the ignorance and bigotry of the so-called Christian bar¬ 
barians who oonquered them, has left us much in the dark as to many points 
of their civilisation; but they seem to have reached that stage where continued 
progress in knowledge and in power over nature is secure, and a few more cen¬ 
turies of independence might have brought them to originate for themselves 
most of tho great inventions which the last four oenturies have bestowed upon 
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ments of the savago races whoso history we can distinctly traco 
are borrowed and imitative, and our theories as to the origin 
and natural development of industrial art are conjectural. Of 
course, the relative antiquity of particular branches of human 
industry depends much upon the natural character of soil, cli¬ 
mate, and spontaneous vegetable and animal life in different 
countries; and while the geographical influence of man would, 
under given circumstances, be exerted in one direction, it would, 
under different conditions, act in an opposite or a diverging 
line. I have given s6me reasons for thinking that in tho cli¬ 
mates to which our attention has been chiefly directed, man's 
first interference with the natural arrangement and disposal of 
the waters was in the way of drain ago of surface. But if wo 
are to judge from existing remains alone, wo should probably 
conclude that irrigation is older than drainage; for, in tho 
regions regarded bv general tradition as tho cradle of tho human 
race, we find traces of canals evidently constructed for tho 
former purpose at a period long preceding tho ages of which 
we have any written memorials. There arc, in ancient Armenia, 
extensive districts which were already abandoned to desolation 
at tho earliest historical epoch, but which, in a yet remoter anti¬ 
quity, had been irrigated by a complicated and highly artificial 
system of canals, tho lines of which can still bo followed ; and 
there arc, in all the highlands whero the sources of tho Euphrates 
rise, in Persia, in Egypt, in India, and in China, works of this 
sort which must have been in existence before man had begun 
to record his own annals. 

In warm countries, such as most of tlioso just mentioned, tho 
effects I have described as usually resulting from the clearing of 
the forests would very soon follow. In such climates, tho rains 
are inclined to bo periodical; they are also violent, and for these 
reasons the soil would bo parched in summer and liable to wash 
in winter. In these countries, therefore, tho necessity for irri¬ 
gation must soon have been felt, and its introduction into moun¬ 
tainous regions like Armenia must have been immediately 
followed by a systom of terracing, or at least scarping tho hill- 
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6idcs. Pasture and meadow, indeed, may bo irrigated even 
when the surface is both steep and irregular, as may be observed 
abundantly on the Swiss as well as on the Piedmontese slope of 
the Alps; but in dry climates, ploughland and gardens on hilly 
grounds require terracing, both for supporting the soil and for 
administering water by irrigation, and it should bo remembered 
that terracing, of itself, even without special arrangements for 
controlling the distribution of water, prevents or at least checks 
the flow of rain-water, and gives it time to sink into the ground 
instead of running off over the surface. 

The summers in Egypt, in Syria, and in Asia Minor and oven 
Rumelia, are almost rainless. In such climates, the necessity 
of irrigation is obvious, and the loss of the ancient means of 
furnishing it helps to explain the diminished fertility of most of 
the countries in question.* The surface of Palestine, for exam¬ 
ple, is composed, in a groat measure, of rounded limestone hills, 
once, no doubt, covered with forests. These wore partially re¬ 
moved before the Jewish conquest.f When the soil began to 

♦ In Egypt, evaporation and absorption by the earth are so rapid, that aU 
annual crops require irrigation during the whole period of their growth. As 
fast as tho water retires by the subsidence of the annual inundation, tho seed 
is sown upon the still moist, uncovered soil, and irrigation begins at onco. Upon 
the Nile, you hear tho creaking of the water-wheels, and sometimes the move¬ 
ment of steam-pumps, through the whole night, while the poorer cultivators 
unoeasingly ply the simple shadoof, or buckot-and-swecp, laboriously raising 
the water from trough to trough by as many as six or seven stages whon the 
river is low. The bucket is of flexible leather, with a stiff rim, and is emp¬ 
tied into tho trough, not by inverting it like a wooden bucket, but by putting 
tho hand benoath and pushing tho bottom up till tho water all runs out over 
tho brim, or, in other words, by turning tho vessel inside out. 

The quantity of water thus withdrawn from the Nile is enormous. MoRt of 
this is evaporated diroctly from the surfaoe or the superficial strata, but some 
moisture percolates down and oozes through the banks into tho river again, 
while a larger quantity sinks till it joins the slow current of infiltration by 
which tho Nile water pervades the earth of the valley to the distanoe, at some 
points, of not less than fifty miles. 

t “Forests," “woods," and “groves," are frequently mentioned in the Old 
Testament as existing at particular places, and they ore often referred to by 
way of illustration, as familiar objects. “Wood" it twice spoken of at a 
material in the New Testament, but otherwise— at least aooording to Cruden— 
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suffer from drought, reservoirs to retain the waters of winter 
were hewn in the rock near the tops of the hills, and the decli¬ 
vities were terraced. So long as the cisterns were in good order, 
and the terraces kept up, the fertility of Palestine was unsur¬ 
passed, but when misgovemment and foreign and intestine war 
occasioned the neglect or destruction of these works—traces of 
which still meet the traveller’s eye at every step,—when the 
reservoirs were broken and the terrace walls had fallen down, 
there was no longer water for irrigation in summer, the rains 
of winter soon washed away most of the thin layer of earth 
upon the rocks, and Palestine was reduced almost to tho con¬ 
dition of a desert. 

Tho course of events has been tho same in Idumcea. The 
observing traveller discovers everywhere about Petra, particu¬ 
larly if he enters tho city by tho route of Wadi Kshcibch, very 
extensive traces of ancient cultivation, and upon tho neighboring 
ridges are tho ruins of numerous cisterns evidently constructed 
to furnish a supply of water for irrigation.* In primitive ages, 
the precipitation of winter in these hilly countries was, in great 
part, retained for a time in the superficial soil, first by tho vege¬ 
table mould of tho forests, and the.t by the artificial arrange¬ 
ments I have described. The water imbibed by the earth was 
partly taken up by direct evaporation, partly absorbed by vego- 
tation, and partly carried down by infiltration to subjacent strata 

not one of tho above words occurs in that volume. In liko manner, while tho 
box, tho cedar, the fir, tlio oak, tho pine, 44 boams,” and 44 timber,” are very 
frequently mentioned in tho Old Testament, not ono of these words is found 
in tho Now, except the cose of the 4 4 beam in the eye,” in the parable in Mat¬ 
thew and Luke. 

This interesting fact, were other evidence wanting, would go far to prove 
that a great change had taken place in this respect between tho periods when 
tho Old Testament and the Now wero respectively composed; for the scrip¬ 
tural writers, and the speakers introduced into their narratives, are remark¬ 
able for their frequent aUusions to tho natural objects and the social and in* 
dustrial habits which characterized their ages and thoir country. 

* One of these on Mount Hor, two stories deop, is in such good preservation, 
although probably not repaired for many centuries, that I found ten feet of 
water in it in June, 1851. 
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which gave it out in springs at lower levels, anil thus a fertility 
of soil and a condition of the atmosphere wore maintained suffi¬ 
cient to admit of the dense population that once inhabited those 
now arid wastes. At present, the rain-water runs immediately 
off from the surface and is carried down to the sea, or is drunk 
up by the sands of the wadis, and the hillsides which once 
teemed with plenty are bare of vegetation, and seared by the 
scorching winds of tho desert 

In fact, climatic conditions render irrigation a necessity in 
all the oriental countries which have any importance in ancient 
or in modern history, and there can be no doubt that this 
diffusion of water over large surfaces has a certain reaction on 
climate. Some idea of the extent of artificially watered soil 
in India many bo formed from tho fact that in fourteen districts 
of the Presidency of Madras, not less than 43,000 reservoirs, 
constructed by the anciont native rulers for tho purpose of 
irrigation, are now in use, and that there are in those districts 
at least 10,000 more which are in ruins and useless. Those 
reservoirs are generally formed by damming tho outlots of 
natural valleys; and the dams average half a mile in length, 
though some of them are. thirty miles long and form ponds 
covering from 37,000 to 50,000 acres. Tho areas of these reser¬ 
voirs alone considerably increase the water-surface, and each 
one of them irrigates an extent of cultivated ground much 
larger than itself. Hence there is a great augmentation of 
humid surface from those constructions.** 

* Tho present government of India obtains the same result more eco¬ 
nomically and advantageously by constructing in many provinces of that vast 
empire Canals of great length and capacity, which not only furnish a greater 
supply of water than the old resorvoirs, but so distribute it os to irrigate a 
larger area than oould be watered by any system of artlfloiol basins. The 
excavations for the Ganges Oonol were nearly equal to those for the Sues 
Canal, falling little short of 100,000 onbio yards, without oountlng feeders and 
Moessory lines amounting to a length of 8,000 miles. This oonol, according to 
a veoent artiole In the London Timet , waters a traot of land 820 miles long by 
50 broad. The Jumna Canal, 180 miles long, with 008 miles of distributing 
branches, waters a territory 120 miles long with a breadth of 15 mUos. 

Other statements estimate the amount of land actually under irrigation la 
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The cultivable area of Egypt, or the space between desert and 
desert where cultivation would bo possible, is now estimated 
at ten thousand square statute miles.* Much of the surface, 
though not out of tho reach of irrigation, lies too high to 
be economically watered, and irrigation and cultivation are 
therefore at present contincd to an area of seven thousand 
6quaro miles, nearly tho whole of which is regularly and 
constantly watered when not covered by the inundation, except 
in the short interval between tho harvest and tho rise of the 
waters. For nearly half of tho year, then, irrigation adds seven 
thousand square miles to tho humid surface of the Nile valley, 
or, in other words, more than decuples tho area from which 
an appreciable quantity of moisture would otherwise bo evap¬ 
orated; for after the Nile has retired witluu its banks, its 
waters by no moans cover oue-tcuth of tho 6pace just men¬ 
tioned. 

Tho Nile receives not a single tributary in its course bolow 
Khartoum; there is not so much os one living spriug in tho 


British India at 0,000,000 acres, and add that canals now in construction will 
wator as much more. The Indian irrigation canals aro generally navigable, 
some of thorn by boats of large tonnago, and tho canals rotum a net revonue 
of from fivo to twonty per cent, on their co^t 

* Tho area which the waters of tho Xilo, left to themnolvos, would now 
oovor is greater than it would have been in ancient times, because tho bed of 
the rivor has been elevated, and consequently the lateral spread of tho inun¬ 
dation increased. Sco Smith's Dictionary of Geography, article 44 jEgyptns.*’ 
But tho industry of tho Egyptians in the days of the Pharaohs and tho Ptole¬ 
mies earned the Nile-water to largo provinces, which havo now boon long aban¬ 
doned and have relapsed into tho oonditiou of desert. “Anciently,” observes 
the writer of the article 44 Egypt” in Smith's Dictionary of tho Bible , “3,735 
square miles more [about 3,700 square statute miles] may have been cultivat¬ 
ed. In the best days of Egypt, probably all the lund was cultivated that could 
be made available for agricultural purposes, and honce we may estimate the 
ancient arable area of that country at not less than 11,000 square statute 
miles, or fully double its present extent.” 

According to an article in the DoUettino delta Socictl Gcografiea Itatiana , 
vol. v., pt. iiL, p. 210, the cultivatod soil of Egypt in 1800 amounted to 
4,500,000 acres, and the remaining soil onpable of cultivation was estimated 
at 2,000,000 oores, 
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whole land,* and, with the exception of a narrow strip of 
coast, where the annual precipitation is said to amount to six 
inches, the fall of rain in the territory of the Pharaohs is not 
two inches in the year. The subsoil of the whole valley is 
pervaded with moisture by infiltration from the Nile, and water 
can everywhere be found at the depth of a few feet. Were 
irrigation suspended, and Egypt abandoned, as in that case it 
must be, to the operations of nature, there is no doubt that 
trees, the roots of which penetrate deeply, would in time 
establish themselves on the deserted soil, fill the valley with 
verdure, and perhaps at last temper the climate, and even call 
down abundant rain from the heavens, f But the immediate 
effect of discontinuing irrigation would be, first, an immense 
reduction of the evaporation from the valley in the dry season, 
and then a greatly augmented dryness and heat of the atmos¬ 
phere. Even the almost constant north wind—-the strength of 
which would be increased in consequence of these changes— 
would little reduce the toinporaturo of the narrow cleft between 
the burning mountains which hem in the channel of the Nile, 
so that a single year would transform the most fertile of soils to 
the most barren of deserts, and render uninhabitable a ter¬ 
ritory that irrigation makes capable of sustaining as dense a 
population as has ever existed in any part of the world. $ 
Whether man found the valley of the Nile a forest, or such a 
waste as I have just described, we do not historically know. 
In either case, ho has not simply converted a wilderness into a 

* The Bo-called spring at Heliopolis is only a thread of water infiltrated from 
the Nile or the oanals. 

f The date and the doum palm t th» sont and many other acacias, the oaroub, 
the syoamore and other trees grow in Egypt without irrigation, and would 
doubtless spread through the entire vaUey in a few years. 

$ Wilkinson states that the total population, which, two hundred yean ago, 
was estimated at 4,000,000, amounted till lately to only about 1,800,000 souls, 
having been reduced since the year 1800 from 2,500,000 to less than 2,000,000. 
—Handbook for Travellers in Egypt, p. 10. The population at the end of the 
year 1809 is oomputed at 5,215,000. —BoUettino della Soo . Oeog. UoX ., vol. v., 
pt. iil, p. 815. This estimate doubtless includes countries bordering on the 
npp;r Kile not embraced in ’Wilkinson's statistics. 
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garden, hut has unquestionably produced extensive climatic 
change.* 

The fields of Egypt are more regularly watered than those of 
any other country bordering on the Mediterranean, except the 
rice-grounds in Italy, and perhaps the war cite or winter mea¬ 
dows of Lombardy; but irrigation is more or less employed 
throughout almost the entire basin of that sea, and is every- 

* Rittor supposes Egypt to havo beon a sandy dcsort when it was first 
occupied by man. 14 Tho first inhabitant of tho sandy valley of tho Nile wus 
a desert-dweller, as his neighbors right and loft, tho Libyan, tho nomads 
Arab, still aro. But tho civilized people of Egypt transformed, by canals, 
the waste into the richest granary of tho world ; they liberated them solve* 
from tho shackles of tho rock and sand desert, iu the midst of which, by a 
wise distribution of tho fluid through tho solid g<-ogiuphical fonu, by irri¬ 
gation in short, they croated a region of culture most rich in historical monu¬ 
ments .”—Elnleitung zur aUgnncincn vcrglrichnvlcn Geographic, pp. Ido, Kill. 

This view seems to mo highly improbable ; for great rivers, in warm clirautc*, 
aro nover bordcrod by sandy plains. A small stream may be swallowed up 
by sands, but if the volumo of wr.tor is too largo to bo carried oil by evapora¬ 
tion or drank up by absorption, it saturates iW banks with moisturo, and 
unless resisted by art, converts them into marshes covered with aquatic 
vegetation. By canals aud embankments, man has done much to modify tho 
natural distribution of tbe wuters of tho Nile; yet tho annual inuudution is not 
his work, and tho river muse have overflowed its banks and carried spontaneous 
vegetation with its waters, as well before us since Egypt was first occupied by 
the human family. There is, indeed, some reason to suppose that man lived 
upon the banks of tho Xilo when its channel was much lower, aud tho spread 
of its inundations much narrower, than at present; but wherever its flood 
reached, there the forest would propagato itself, and its shores would oertaiuly 
have been morasses rather than sands, 

Tho opinions of Ilitter on this subject aro not only improbablo, but they are 
contradictory to tho little historical testimony wo possess, Herodotus informs 
us iu Euterpe that except the provinco of Thebes, all Egypt, that is to say, tho 
whole of tho Delta and of middle Egypt extending to IIemoi>olis Magna in X. 
L. 27* 4 V, was originally a morass. This morass was doubtless iu great part 
covered with trees, aud henco, iu the most ancient hioroglyphical records, a 
tree is the sign for the cultivated land between tho desert and tho channel of 
the Nile. In all probability, tho real chango effected by human art in tho 
superficial geography of Egypt, is the conversion of pools and marshes into dry 
land, by a system of transverse dikes, which compelled the flood-water to 
deposit its sediment on the bank* of tho river instead of carrying it to tbe sea. 
The odmatc of modem Italy were thus anticipated in ancient Egypt. 
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where attended with effects which, if less in degree, are anal¬ 
ogous in character, to those resulting from it in Egypt. 

There are few things in European husbandry which surprise 
English or American observers so much as the extent to which 
irrigation is employed in agriculture, and that, too, on 6oils, and 
with a temperature, where their own experience would have led 
them to suppose it would be injurious to vegetation rather than 
beneficial to it. In Switzerland, for example, grass-grounds on 
the very borders of glaciers are freely irrigated, and on the 
Italian slope of the Alps water is applied to meadows at heights 
exceeding 6,000 feet. The summers in Northern Italy, though 
longer, are very often not warmer than in the Northern United 
States; and in ordinary years, the summer rains are as frequent 
and as abundant in the former country as in the latter.* Yet 


* The mean annual precipitation in Lombardy is thirty-six inches, of which 
nearly two-thirds faU during- the season of irrigation. The rain-fall is about 
the same in Piodmont, though tho number of days in the year classod as 
'* rainy M is said to be but twenty-four in tho former province whUe it is 
seventy in the lattor.— Baird Smith, Italian Irrigation , vol. i. f p. IOC. 

The necessity of irrigation in the great aUuvial plain of Northern Italy is 
partly explained by the fact that the superficial stratum of fine earth and 
vegetable mould is very extensively underlaid by beds of pobbles and gravel 
brought down by mountain torrents at a remote epooh. Tho water of the 
surface-soil drains rapidly down into these loose beds, and passes off by sub¬ 
terranean channels to some unknown point of discharge; but this circumstance 
alono U not a sufficient solution. Is it not possiblo that the habits of vege¬ 
tables, grown in countries where irrigation has been immemorially employed, 
have boon so changed that they require water under conditions of soil and 
climate where their congeners, which have not been thus indulgently treated, 
do not ? It is a remarkablo fact that during tho season of irrigation, when large 
tracts of surface are almost constantly saturated with water, there is on 
extraordinary dryness in the atmosphere of Lombardy, the hygrometer stand¬ 
ing for days together a few degrees only above aero, while in winter the in¬ 
strument indicates extreme humidity of the air, approaching to total satur¬ 
ation.-— Baird Smith, Italian Irrigation , t, p. lbO. 

There are some atmosphorio phenomena in Northern Italy, whioh an 
American finds it hard to reconcile with what he has observed in the United 
States. To an American eye, for instanoe, the sky of Piedmont, Lombardy, 
and the northern ooast of the Mediterranean, is always whitish and curdled, 
and it never has the intensity and fathomless dopth of the bine of his native 
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in Piedmont and Lombardy irrigation is bestowed upon almost 
every crop, while in our Northern States it is novel* employed 
at all in farming husbandry, or indeed for any purpose except in 
kitchen-gardens, and possibly, in rare cases, in some other small 
branch of agricultural industry.* 

In general, it may be said that irrigation is employed only in 
the seasons whon the evaporating power of tho sun and the 
capacity of tho air for absorbing humidity are greatest, or, in 
other words, that tho soil is nowhere artificially watered except 
when it is so dry that little moisture would bo evaporated from 
it, and, consequently, every acre of irrigated ground is so much 
added to the cvaporablo surface of the country. V» r hcn tho sup¬ 
ply of water is unlimited, it is allowed, after serving its purpose 


heavens. And yet tlio heat of tho sun's rays, oh measured by sensation, and, 
at tho same time, the evaporation, are greater tlun they would bo with the 
thermometer at the same point in America. I liavo frequently felt in Italy, 
with tho mercury below 00° Fahrenheit, and with a mottled and almost opaquo 
sky, a heat of solar irradiation which I can compare to nothing but tho scorch¬ 
ing sensation experienced in America at a temperaturo twenty degrees higher, 
during tho intervals between showers, or before a rain, when tho clear bluo of 
tho sky seems inlintto in depth and transparency. Such circumstances may 
create a necessity for irrigation where it would otliorwUo bo superfluous, if 
not absolutely injurious. 

In speaking of tbo superior apparent clearness of tho *ly in Amcrioa, I 
conftno myself to tho ooncavo vault of the heavens, and do not mean to 
assort that terrestrial objects aro generally visible at groator distances in tho 
United States than in Italy. Indeed, I am rather disposed to maintain tho 
contrary; for though I know that tho lower strata of tho atinosphcro in Europe 
nover equal in transparency tho air near tho earth in New Mexico, Peru, and 
Chili, yet I think tho accidents of the const-lino of tho Riviera, as, for oxamplo, 
between Nice and La Spczia, and thoso of tho iucoraparablo Alpine panorama 
seen from Turin, aro distinguishable at greatov distances than they would bo 
in the United States. 

• In our comparatively rainless Western territory, irrigation is extensively and 
very beneficially employed. In tho Salt Lake valloy and in California, hundreds 
it not thousands of milos of irrigation canals havo been constructed, and there 
is little doubt that artificially watering the soil will soon bo largely resorted 
to in tho older States. See valuable observations on this subject in Hayden, 
Preliminary Report on Geological Survey of Wyoming , 1870, pp. 194,193, 238- 
201 . 
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on one field, to run into drains, canals, or rivers. But in most 
regions where irrigation is regularly employed, it is necessary 
to economize the water; after passing over or through one par¬ 
cel of ground, it is conducted to another; no more is usually 
withdrawn from the canals at any one point than is absorbed by 
tho 6oil it irrigates, or evaporated from it, and, consequently, it 
is not restored to liquid circulation, except by infiltration or 
precipitation. Wo are safe, then, in saying that the humidity 
evaporated from any artificially watered soil is increased by a 
quantity bearing a large proportion to the whole amount dis¬ 
tributed over it, for most even of that which is absorbed by tho 
earth is immediately given out again either by vegetables or by 
evaporation; and the liygrometrical and thermometrical con¬ 
dition of the atmosphere in irrigated countries is modified pro¬ 
portionally to the extent of tho practice. 

It is not easy to ascertain precisely either the extent of sur¬ 
face thus watered, or the amount of water supplied, in any 
given country, bocauso these quantities vary with tho character 
of tho 6ea6on ; but there are not many districts in Southern Eu¬ 
rope where tho management of tho arrangements for irrigation 
is not one of the most important branches of agricultural labor. 
Tho eminent engineer Lombardini describes the system of irri¬ 
gation in Lombardy as, “ every day in summer, diffusing over 
550,000 hectares [1,375,000 acres] of land 45,000,000 cubic 
metres [nearly 00,000,000 cubic yards] of water, which is equal 
to tho entire volume of the Seine, at an ordinary flood, or a riso 
of three metres above the hydrometer at the bridge of La Tour- 
nelle at Paris.” * Niel states the quantity of land irrigated in 
the fonner kingdom of Sardinia, including Savoy, in 1850, at 
240,000 hectares, or not much less than GOO,000 acres. This is 
about four-thirteenths of the cultivable soil of the kingdom. 
According to the same author, the irrigated lands in France did 
not exceed 100,000 hectares, or 247,000 acres, while those in 
Lombardy amounted to 450,000 hectares, more than 1,100,000 

•MtmorU eui progetti per VuUiuioM dti? Irrigation 4 , etc., U PoUteenicc, for 
Jmmiaxj, 1808, p. 8. 
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acres. * In these three states alone, then, there were more than 
three thousand square miles of artificially watered land, and if 
we add the irrigated soils of the rest of Italy, f of the Mediter¬ 
ranean islands, of the Spanish peninsula, of Turkey in Europo 
and in Asia Minor, of Syria, of Egypt and the remainder of 
Northern Africa, we shall see that irrigation increases tlio 
ovaporablo surface of the Mediterranean basin by a quantity 
bearing no inconsiderable proportion to the area naturally 
covered by water within it. 

Arrangements aro concluded, and new plans proposed, for 
an immense increase of the lands fertilized by irrigation in 
Franco and in Belgium, as well as in Spain and Italy, and 
there is every reason to believe that the artificially waterod soil 
of the latter country will bo doubled, that of France quadru¬ 
pled, before the end of this century. There can bo no doubt 
that by these operations man is exercising a powerful inllucnco 
on the soil, on vegetable and animal life, and on climato, and 
hence that in this, as in many other fields of industry, ho is 
truly a geographical agency 4 


* Kiel, V Agriculture da £tate Sarda y p. 232. This oatimato, it wUl bo 
observed, is 275,000 acres less than that of Loxnbardini. 

f In 18G5 the total quantity of irrigated lands in the kingdom of Italy was 
estimated at 1,357,077 hectares, or 2,000,000 acres, of which one-half is supplied 
with water by artificial canals. Tho Canal Cavour odds 250,000 aoros to the 
abovo amount. The extent of artificially watered ground in Italy is conse¬ 
quently equal to the entire area of the States of Dolawaro and Rhodo Island. 
—Sco the official report, SuUe Donijicazioni , Ri&aie, ed Irrigation^ 1805, 

p. 200. 

X It belongs rather to agriculturo than to geography to discuss tho quality 
of tho orops obtained by irrigation, or tho permanent ofleets producod by it 
on tho productiveness of tho soil. Thcro is no doubt, however, that all crops 
which can be raised without watoriug aro superior in llavor and in nutritive 
power to those grown by the aid of irrigation. Garden vegetables, particu¬ 
larly, profusely watered, are so insipid as to bo hardly eatabla Wherovor irri¬ 
gation is practised, there is an almost irresistible tendency, especially among 
ignorant cultivators, to carry it to excess; and in Piedmont and Lombardy, if 
the supply of water is abundant, it is so liberally applied as sometimes not 
only to injure the quality of the product, but to drown tho plants and dimin¬ 
ish the actual weight of the orop. Gross-lands are porhape an exception to 
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As near as can bo ascertained! the amount of water applied 
to irrigated lands is scarcely anywhere less than the total pre¬ 
cipitation during the season of vegetable growth, and in gen- 

this remark, as it seems almost impossible to apply too muoh water to them, 
provided it bo kept in motion and not allowed to stagnate on the surface. 

Professor Liebig, in his Modem Agriculture , says: “ Thore is not to bo 
found in chemistry a more wondorful phenomenon, one which more con¬ 
founds all human wisdom, than is presented by the soil of a garden or field. 
By the simplest experiment, any one may satisfy himself that rain-water 
filtered through field or garden soil does not dissolve out a trace of potash, 
silicio acid, ammonia, or phosphoric acid. The soil does not give up to the 
water one particle of the food of plants which it oontains. The most con¬ 
tinuous rains cannot remove from the field, except mechanioally, any of the 
essential constituents of its fertility, M 

“ Tho soil not only retains firmly all the food of plants whioh is actually in 
it, but its powor to preserve all that may be useful to them extends much far¬ 
ther. If rain or other wator holding in solution ammonia, potash, and phos¬ 
phoric and silicio acids, bo brought in contact with soil, these substances dis¬ 
appear almost immediately from tho solution; tho soil withdraws them from 
the water. Only such substances are completely withdrawn by the soil as aro 
iudispcusnblo articles of food for plants; all others remain wholly or in part 
in solution." 

Thcso opinions wero confirmed, soon after their promulgation, by the experi¬ 
mental researches of other chemists, but are now questioned, and they are not 
strictly in accordance with the allogcd experience of agriculturists in those 
parts of Italy where irrigation is most successfully applied. They believe 
that tho constituents of vegetable growth are washed out of tho soil by exoes- 
sivo and long-continued watering. They consider it also established as a fact 
of observation, that wator whioh has flowed through or over rich ground is 
moro valuublo for irrigation than water from the same source, which has not 
been impregnated with fertilising substances by passing through soils contain¬ 
ing them; and, on the other hand, that water, rich in the elements of vege¬ 
tation, parts with them in serving to irrigate a poor soil, and is therefore less 
valuable as a fertiliser of lowor grounds to which it may afterward be con¬ 
ducted. See Baird Smith, Italian Irrigation , i., p. 20 ; Scott Mokcmeff, 
Irrigation in Southern Europe , pp. 84, 87,80 ; Lombardini, Suite luondaeioni, 
etc., p. 73; Mangon, Lee Irrigations, p. 48. 

The practice of irrigation—exoept in mountainous countries where springs 
and rivulets are numerous—is attended with very serious economical, social, 
and political evils. The construction of oauals and their immensely ramified 
branches, and the grading and soarping of the ground to be watered, aro 
always expensive operations, and they very often require an Amount of oapital 
which can be commanded only by the state, by moneyed corporations, or by 
very wealthy proprietors; the oapacity of the canals must be oaloulated with 
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eral it much exceeds that quantity. In grass-grounds and in 
field-culture -it ranges from 27 or 2S to CO inches, while in 
smaller crops, tilled by hand-labor, it is sometimes carried as 
high as 300 inches.* The rice-grounds and the mar cite of 

reference to the area intended to be irrigated, and when they and their 
branohos aro ouco constructed, it Is vory difficult to extend thorn, or to ac¬ 
commodate any of thoir original arrangements to changes in the condition of 
the soil, or in the modos or objects of cultivation; tho flow of tho water being 
limited by the abundance of the source or tho capacity of tho canals, the indi¬ 
vidual proprietor cannot be allowed to withdraw water at will, according to 
his own private interest or convenience, but both tho time and tho quantity of 
supply must be regulated by a general system applicable, ns far as may be, 
to the whole area irrigated by the same canal, and every cultivator must con¬ 
form his industry to a plan which may bo quito at variance with his spooial 
objects or with his views of gqod husbandry. Tho clashing interests and tho 
jealousies of proprietors depending on tho saino means of supply are a source 
of incessant contention and litigation, and tho caprices or partialities of tho 
officers who control, or of contractors who farm, tho canals, lead not unfre- 
qucntly to ruinous injustice towards individual landholders. Thcso oircuin¬ 
stances discourage tho division of the soil into 6maU properties, and there is a 
constant tendency to tho accumulation of lurgo estates of irrigated land in 
the hands of great capitalists, and consequently to tho dispossession of tho 
small cultivators, who pass from tho condition of owners of tho land to that 
of hireling tillers. Tho farmers aro no longor ycoraon, but peasants. Having 
no interest in tho soil which composes thoir country, they aro virtually expa¬ 
triated, and tho middle class, which ought to constitute tho roal physical and 
moral strength of tho land, ooahc* to exist os a rural c-stato, and is found only 
among tho professional, tho mcrcantilo, and tho industrial population of the 
cities.—See, on tho difficulty of regulating irrigation by law, Nkgui, ldeasn una 
Legin materia di Acqua , 1804 ; and Aomahd, Irrigation» du Midi do VEn* 
rope, whero curious and important remarks on tho laws and usages of the Span¬ 
ish Moors and the Spaniards, iu rcsj>ect to irrigation, will be found. Tho Moors 
were so careful in maintaining tho details of their system, that they kopt iu 
publio offices bronze models of their dams and sluices, as guides for repairs 
and rebuilding. Some of these models aro still preserved.— Ibidem, pp. 204, 
205. For un account of recent irrigation works in Spain, see Srox, Dictionary 
of Engineering, articlo Irrigation . 

• Nif.l, Agriculture dec P.tat* Sardes , p. 237. Lombard ini’s computation 
just given allows eighty-ono cubic mitres per day to the hectare [two hun¬ 
dred and sixty cubio yards to tho aero], which, supposing tho season of irriga¬ 
tion to bo one hundred days, is equal to a precipitation of thirty-two inches. 
But In Lombardy, water is appliod to somo crops during a longor period than 
one hundred days; and in the marcito it flows over the ground even in winter. 
Aooording to Boussingault (ficonoinie liuralt , ii., p. 240), gross-grounds ought 




4G2 


QUANTITY OF WATER APPLIED. 


Lombardy arc not included in these estimates of the amount of 
water applied.* 

to receive, in Germany, twenty-one centime tree of water per week, and with 
less than half that quantity it is not advisable to inour the expense of supply¬ 
ing it. The ground is irrigated twenty-five or thirty times, and if the full 
quantity of twenty-one centimetres is applied, it receives more than two hun¬ 
dred inches of water, or six times tbe total amount of precipitation. Puvis, 
quoted by Boussingault, after much research comes to the oonolusion that a 
proper quantity is twenty centimetres [eight inohes] applied twenty-five or 
thirty times, which corresponds with the estimate just stated. Puvis adds— 
and, as our author thinks, with reason—that this amount might be doubled 
without disadvantage.— Ibidem , ii., p. 248, 249. In some parts of France this 
quantity is immensely exoeeded, and it is very important to observe, with 
reference to the employment of irrigation in our Northern States, that water 
is most freely supplied in the colder provinces. Thus, in the Vosges, meadows 
are literally Hooded for weeks together, and while in the department of Van- 
cluso a meadow may receive, in five waterings of six and a half hours eaoh, 
twenty-one inches of water, in the VoRges it might be deluged for twenty- 
four hundred hours in six applications, the enormous quantity of thirteen 
hundred feet of water flowing over it. See the important work of Herv& 
Maxgon, Sur Pemploi det cavx dans les Irrigations , chap. ix. 

Boussingault observes that rain-water is vastly more fertilizing than the 
water of irrigating canals, and therefore the Bupply of the latter must be 
greater. This is explained partly by the different character of the sub¬ 
stances held in solution or suspension by the waters of the earth and of the 
sky, partly by the higher tomperaturo of the latter, and, possibly, partly also 
by the mode of application—the rain being finely divided in its fall or by strik¬ 
ing plants on the ground, river-water flowing in a continuous sheet. 

The temperature of the water iB thought even more important than its com¬ 
position. Tho sources whloh irrigate the mareits of Lombardy—meadows so 
fertile that less than an acre furnishes grass for a oow tbe whole year—are 
very warm. The ground watered by them never freezes, and a first orop, for 
soiling, is out from it in January or February. The Canal Cavour—which 
takes its supply chiefly from the Po at Chivasso, fourteen or fifteen miles be¬ 
low Turin—furnishes water of muoh higher fertilizing power than that de¬ 
rived from the Dora Baltea and the Sesia, both because it is warmer, and be¬ 
cause it transports a more abundant and a richer sedimont than the latter 
streams, whioh are fed by Alpine ice-fields and melting snows, and whioh 
flow, for long distances, in channels ground smooth and bare by anoient gla¬ 
ciers and not now contributing muoh vegetable mould or fine slime to their 
waters. 

* About one-seventh of the water whioh flows over the mareits is absorbed 
by the soil of those meadows or evaporated from their surface, and conse¬ 
quently six-sevenths of the supply remain for use on ground at lower level* 
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The meteorological effect of irrigation on a largo scale, 
which would seem jprima facie most probable, would bo au 
increase of precipitation in tho region watered.* Hitherto 
scientific observation has recorded no such increase, but in a 
question of so purely local a character, wo must ascribe very 
great importance to a consideration which I have noticed else¬ 
where, but which has been frequently overlooked by meteorolo¬ 
gists, namely, that vapors exhaled in one district may very prob¬ 
ably bo condensed and precipitated in another very distant 
from their source. If then it were proved that an extension 
of irrigated soil was not followed by an increase of rain-fall in 
the same territory, tho probability that tho precipitation was 
augmented somewhere would not be in tho least diminished. 

Jhit though we cannot show that in the irrigated portions of 
Italy the summer rain is moro abundant than it was before irri¬ 
gation was practised—for we know nothing of the meteorolo¬ 
gical conditions of that country at so remote a period—tho fact 
that there is a very considerable precipitation in tho summer 
months in Lombardy is a strong argument in favor of such in¬ 
crease. In tho otherwise similar climate of Ilumcliu and of 
much of Asia Minor, irrigation is indeed practised, but in a 
relatively small proportion. In those provinces there is little or 
no summer rain. Is it not highly probablo that tho difference 
between Italy and Turkey in this respect is to bo ascribed, in 
part at least, to extensive irrigation in tho former country, and 
tho want of it in the latter! It is true that, in its accessible 
strata, tho atmosphere of Lombardy is extremely dry during tho 
period of irrigation, but it receives an immense quantity of 


* On tho pluviomotrio effect of irrigation, sea LoMDARDixr, Suite Inon* 
dazioni, otc., p. 72, 74; tho samo author, Esmi JlydrUogique tur le Nil y p. 33; 
Measedaolia, Analisi dtlT opera di Champion, pp. 00,07, note; and Daxro 
Bmitii, Italian Irrigation, t, pp. 180, 100. 

In an article in Au* der Hatur, voL 57, p. 443, it is stated that tho rain on the 
Isthmus of Sues has increased slnoe tho opening of tho canal, and has enlarged 
the evaporablo surface of tho country; but this oannot be aooopted os an 
established foot without further evidence. 
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moisture by the evaporation from the watered soil, and the ra¬ 
pidity with which the aqueous vapor is carried up to higher 
regions—where, if not driven elsewhere by the wind, it would 
l>e condonsod by the cold into drops of rain or at least visible 
clouds—is the reason why it is so little perceptible in the air 
near the ground.* 

Hut the question of an influence on tcmpcratnre rests on a 
different ground; for though the condensation of vapor may 
not take place within days of time and degrees of distance from 
the hour and the place whore it was exhaled from the surface, 
a local refrigeration must necessarily accompany a local evapo¬ 
ration. Hence, though the summer temperature of Lombardy 
is high, wo are warranted in affirming that it must havo been 
still higher before the introduction of irrigation, and would 
again become so if that practice were discontinued.f 

The quantity of water artificially withdrawn from running 
streams for the purpose of irrigation is such as very sensibly 
to affect their volume, and it is, therefore, an important clement 
in the geography of rivers. Brooks of no trifling current are. 
often wholly diverted from tlioir natural channels to supply tlio 
canals, and their entire mass of water is completely absorbed 
or evaporated, so that only such proportion as is transmitted by 
infiltration reaches the river they originally fed. Irrigation, 
therefore, diminishes great rivers in warm countries by cutting 
off their sources of supply as well os by direct abstraction of 
water from their main channels. Wo have just seen that tho 
system of irrigation in Lombardy deprives the Po of a quan¬ 
tity of water equal to tho total delivery of tho Seine at ordinary 
flood, or, in other words, of tho equivalent of a tributary navi¬ 
gable for hundreds of miles by vessels of considerable burden. 

* Is not the mottled appoaronoe of the apper atmosphere in Italy, whioh I 
havo already noticed, perhaps due in part to the condensation of the aqueous 
vapor exhaled by watered ground ? 

t I do not know that observations have been made on tho thermomotrio 
influenoe of irrigation, hut I have often noticed that, on the irrigated plains 
of Piedmont ten miles south of Turin, the morning temperature in summer 
was several dogrees below that marked at the Observatory in the city. 
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The now canals executed and projected will greatly increase 
the loss. The water required for irrigation in Egypt is less 
than would be supposed from the exceeding rapidity of evapo¬ 
ration in that arid climate; for the soil is thoroughly saturated 
during the inundation, and infiltration from the Nile continues 
to supply a considerable amount of humidity in the dryest sea¬ 
son. Linant Bey computed that, in tho Delta, fifteen and 0110 - 
third cubic yards per day sufficed to irrigate an aero. If wo sup¬ 
pose water to bo applied for one hundred and fifty days during 
tho season of growth, this would bo equivalent to a total precipi¬ 
tation of about seventeen inches and one-third. Taking tho area 
of actually cultivated soil in Egypt at tho estimate of 4,500,000 
acres, and tho average amount of water daily applied in both 
Upper and Lower Egypt at twelve hundredths of an inch in 
depth, we have an abstraction of about 74,000,000 cubic yards, 
which—tho mean daily delivery of tho Nile being in round 
numbers 320,000,000 cubic yards—is twenty-three per cent, of 
tho average quantity of water contributed to tho Mediterranean 
by that river.* 

In estimating tho effect of this abstraction of water upon tho 
volume of great rivet’s, especially in temperate climates and in 
countries with a hilly surface, wo must remember that all the 
water thus withdrawn—except that which is absorbed by vegeta¬ 
tion, that which outers into now inorganic compounds, and that 
which is carried off by evaporation—is finally restored to tho 
original current by superficial How or by infiltration. It is 
generally estimated that from one-third to one-half of tho water 
applied to tho fields is absorbed by the earth, aud this, with tho 
deductions just given, is returned to tho river by direct infiltra¬ 
tion, or descends through invisible channels to moisten lowor 

* The proportion of the water* of tho Nilo withdrawn for irrigation is great¬ 
er than thin calculation makes it. Tho quantity roquired for an acre is less 
in the Delta than in Upper Egypt, both bocauso tho soil of the Doha, to 
whibh Linant Boy's estimato applies, lies littlo higher than tho surface of the 
river, and is partly saturated by infiltration, and bocauso noartho sea, in N. L. 
80°, evaporation is much less rapid than it is several degrees southwards and 
in the vicinity of a parched desert 
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grounds, and thence in part escapes again into the bed of the 
river, by similar conduits, or in the form of springs and rivulets. 
Interesting observations have lately been made on this subject 
in France and important practical results arrived at. It was 
maintained that mountain irrigation is not ultimately injurious 
to that of the plains below, because lands liberally watered in the 
spring, when the supply is abundant, act as reservoirs, storing 
up by absorption water which afterwards filters down to lower 
grounds or escapes into the channel of the river and keeps up 
its current in the dry summer months, so as to compensate for 
what, during those months, is withdrawn from it for upland 
irrigation. Careful investigation showed that though this pro¬ 
position is not universally true, it is so in many cases, and there 
can be no doubt that the loss in the volume of rivers by the ab¬ 
straction of water for irrigation is very considerably less than 
the measure of the quantity withdrawn.* 


• See Vigan, Etude aur lea Irrigations , Paris, 1867; and Scott Moncrieff, 
Irrigation in Southern Europe , pp. 89, 00. 

Tho brook Ain Mu«a, which runs through the ruined city of Petra and final¬ 
ly disappears in the sands of Wadi el Aralm, is a conaidomblo stream in winter, 
and the inhabitants of that town were obliged to excavate a tunnel through 
the rock near tho right bank, just abovo tho upper entrance of the narrow Sik, 
to discharge a part of its swollen current. The sagacity of Dr. Robinson 
detoctod the necessity of this moasuro, though the tunnel, tho mouth of 
whioh was hidden by brushwood, was not discovered till some time after his 
visit I even noticed, near the aroh that crosses tho Sik, unequivocal remains 
of a sluice by which the water was diverted to tho tunnol. Immense labor 
was also expendod in widening the natural channol at Bovoral points below tho 
town, to prevent the damming up and setting hack of tho water—a fact I be¬ 
lieve not hitherto notioed by travellers. 

The Fellahheen above Potra still employ the waters of Ain Musa for irriga¬ 
tion, and in summer the superficial ourrent is wholly diverted from its natural 
channel for that purpose. At this season, the bod of tho brook, which is com¬ 
posed of pebbles, gravel, and sand, is dry in tho Sik and through tho town ; 
hut tho infiltration is snch that water is generally found by digging to a small 
'depth in the ohanneL Observing these facts in a visit to Petra in the sum¬ 
mer, 1 was curious to know whether the subtorraneon waters escaped again 
•to daylight, and I followed the ravine bolow the town for a long distance. Not 
very for from •the upper entrance of the ravine, arborescent vegetation ap¬ 
peared qpon itrbettem, and as soon as the ground was well shaded, a thread 
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Irrigation, as employed for certain special purposes in Europe 
and America, is productive of very prejudicial climatic effects. 
I refer particularly to the cultivation of rice in the Southern 
States of the American Union and in Italy. The climate of the 
Southern States is in general not necessarily unhealthy for the 
white man, but ho can scarcely sleep a single night in tho vi¬ 
cinity of the rice-grounds without being attacked by a dangerous 
fever. Tho neighborhood of the rice-fields is possibly less pes¬ 
tilential in Lombardy and Piedmont than in South Carolina and 
Georgia, but still very insalubrious to both man and beast. 
" Not only docs the population decrease where rice is grown.” 
says Escourrou-Milliago, “ but even the flocks are attacked by 
typhus. In tho rice-grounds the soil is divided into compart¬ 
ments rising in gradual succession to tho level of tho irrigating 
canal, in order that tho water, after having flowed one field, 
may bo drawn off to another, and thus a single current servo 
for several compartments, the lowest field, of course, still being 
higher than the ditch which at last drains both it and tho adja¬ 
cent soil. This arrangement gives a certain force of hydrostatic 
pressure to tho water with which tho rice is irrigated, and tho 
infiltration from these fields is said to extend through neigh¬ 
boring grounds, sometimes to tho distance of not less than a 
myriamitro, or six English miles, and to bo destructive to crops 
and even trees reached by it. Land thus affected can no longer 
be employed for any purposo but growing rice, and whoa pro- 
pared for that crop, it propagates still furthor tho evils under 
which it had itself suffered, and, of course, tho miscliiof is a 
growing ono.” * 

of water bunt out. This was joined by others a little lower down, and, at the 
distance of a milo from tho town, a strong current was formed and ran down 
towards Wadi el Araba. 

Similar facts are observed in all oountries where tho superficial current of 
water-oonrses is diverted from their bed for irrigation, but this coso is of 
speoial interest because it shows the extent of absorption and infiltration even 
in the torrid olimate of Arabia. Soe Baird Smith, Italian Irrigation^ voL 
L, pp. 173, 380 and 387. 

• Escourrou-Milliago, L'ltaUe d propot do VExposition do Parity 1850, 
p. 33. According to an article in the Gossetts d lerino ter the 17th of 
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Salts deposited by Water of Irrigation. 

The attentive traveller in Egypt and Nubia cannot fail to 
notice many localities, generally of small extent, where the soil 
is rendered infertile by an excess of saline matter in its com¬ 
position. In many cases, perhaps in all, these barren spots lie 
rather above the level usually flooded by the inundations of the 
Nile, and yet they exhibit traces of former cultivation. Obser¬ 
vations in India suggest a possible explanation of this fact. A 
saline efflorescence called “Reh” and “ Kuller ” is gradually 
invading many of the most fertile districts of Northern and 
Western India, and changing them into sterile deserts. It con¬ 
sists principally of sulphate of soda (Glauber’s salts), with 
varying proportions of common salt. These 6alts (which in 
small quantities are favorable to fertility of soil) are said to be 
the gradual result of concentration by evaporation of river and 
canal waters, which contain them in very minuto quantities, 


January, 18C0, the deaths from malarious fever in the Canaveao district— 
which is asserted to have boen altogether froo from this discaso before the recent 
Introduction of rice-culture—between the 1st of January and the 15th of Octo¬ 
ber, 18G8, wero two thousand two hundred and fifty. Tho extent of tho injurious 
influonco of this very lucrative branch of rural industry in Ituly is contested 
by the rice-growcrs. But see Secoxdo Laujia, Lc Itisajc, Torino, I8G9; 
Selmi, Jl Miasma Palustre , p. 80; and especially Cahlo Livi, Di'JLa cultica - 
eionc del Piso in Italia , in the Nuova Antologia for July, 1871, p. 509 ct seqq. 

According to official statistics, the rice-grounds of Italy, including the islands* 
amounted in 1800 to 450,000 acres. It is an interesting fact m relation to 
geographical and olimatio conditions, that while little rice is cultivated south of 
N. L. 44° in Italy, little is grown in tho Uni tod States north of 35°. To the 
southward of the great alluvial plain of the Po, tho surface is in general too 
much broken to admit of the formation of level fields of much extent, and 
where the ground Is suitable, the supply of water is often insufficient. 

The Moors introduced the cultivation of rico into Spain at an early period of 
their dominion in that country. The Spaniards sowed rice in Lombardy and 
in tho Neapolitan territory in the lGth century; but besides the wimt of water 
and of level ground convenient for irrigation, rice-husbandry has proved so 
mueh more pestilential in Southern than in Northern Italy that it has long 
been discouraged by the Neapolitan government 
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and with which tlio lands are cither irrigated or occasionally 
overflowed. The river inundations in hot countries usually 
take place but once in a year, and, though the banks remain 
submerged for days or even weeks, the water at that period, 
being derived principally from rains and snows, must be less 
highly charged with mineral matter than at lower stages, and 
besides, it is always in motion. The water of irrigation, on 
the other hand, is applied for many months in succession, it is 
drawn from rivers and canals at the seasons when tho propor¬ 
tion of salts is greatest, and it either sinks into tho superficial 
soil, carrying with it tho saline substances it holds in solution, 
or is evaporated from the surface, leaving them upon it. 
Hence irrigation must impart to tho soil more salts than natural 
inundation. The sterilized grounds in Egypt and Nubia lying 
above the reach of tho floods, as I have said, wo may suppose 
them to have been first cultivated in that remote antiquity when 
tho Nile valley received its earliest inhabitants, and when its 
lower grounds were in the condition of morasses. They must 
have been artificially irrigated from the beginning; they may 
have been under cultivation many centuries before the soil at 
a lower level was invaded by man, and lienee it is natural that 
they should bo more strongly impregnated with saline matter 
than fields which are exposed every year, for some weeks, to 
the action of running water so nearly pure that it would be 
more likely to dissolve salts than to deposit them. 

Subterranean T Tutors. 

I have frequently alluded to a branch of physical geography, 
tho importance of which is but recently adequately recognized 
—the subterranean waters of the earth considered os stationary 
reservoirs, as flowing currents, and as filtrating fluids. Tho 
earth drinks in moisture by direct absorption from tho atmos¬ 
phere, by the deposition of dew, by rain and snow, by percola¬ 
tion from rivers and other superficial bodies of water, and 
sometimes by currents flowing into caves or smaller visible 
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apertures.* Some of this humidity is exhaled again by the 

* The great limestone plateau of the Karst in Camiola is completely honey¬ 
combed by caves through which the drainage of that region is conducted. 
Rivers of considerable volume pour into some of these caves and can be traced 
underground to their exit. Thus the Recca has been satisfactorily identified 
with a stream flowing through tho cave of Trebioh, and with the Timavo— 
tho Timavus of Virgil and the aneiont geographers—which empties through 
several mouths into tho Adriatic botween Trieste and Aquileia. Tho city of 
Trieste is very insufficiently supplied with fresh water. It has been thought 
practicable to supply this want by tunnelling through the wall of tho plateau, 
which rises abruptly in the rear of the town, until some subterranean stream 
is encountered, tho current of which can be conducted to the city. Moro 
visionary projectors have gone further, and imnginod that advantage might be 
takon of the natural tunnels under the Karst for the passage of roads, rail¬ 
ways, and oven navigable oanals. But however chimerical these latter schemes 
may seem, there is every reason to bolieve that art might avail itself of those 
galleries for improving the imperfect drainage of the champaign country 
bounded by tho Karst, and that stapling or opening tho natural channels 
might very much modify tho hydrography of an extensive region. Bee in 
Am der Natur , xx., pp. 250-254, 203-200, two interesting artiolos founded on 
the researches of Sohmidt. 

The cases are certainly not numerous where marine currents are kuown to 
pour continuously into cavities beneath the surface of the earth, but thoro is 
at least one well-authonticated instanoe of this sort—that of the mill-streams 
at Argostoli in tho island of Oephalonia. It had been long observed that tho 
soa-water flowed into several rifts and cavities in the limestone rocks of the 
ooast, but the phenomenon has exoited littlo attention until very recently* In 
1833, three of the entrances wore dosod, and a regular channel, sixteon feet 
long and three feet wido, with a fall of threo foot, was cut into the mouth of 
a larger cavity. The sea-water flowed into this canal, and could be followed 
eigbteon or twonty foot beyond its inner terminus, when it disappeared in 
holos and olefts in the rook. 

In 1858 the oanol had been enlarged to tho width of five foot and a half, 
and a depth of a foot. The water pours rapidly through the canal into an 
irregular depression and forms a pool, the surfooe of whioh is threo or four 
feet below the adjaoent soil, and about two and a half or three feet below tho 
level of the sea. From this pool it escapes through several holos and clefts 
in the rock, and has not yet been found to emerge elsewhere. 

Thoro is a tide at Argostoli of about six inches in still weather, but it is 
considerably higher with a south wind. I do not find it stated whother water 
flows through the canal into the cavity at low tide, but it distinctly appears 
that thore is no refluent current, as of course there could not be from a basin 
so muoh below the sea. Mousson found the delivery through the canal to be 
at the sate of 24.88 cable feet to the second; at what stage of the tide does 
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soil, some is taken up by organic growths and by inorganic 
compounds, 6ome poured out upon the surface by springs and 
either immediately evaporated or carried down to larger 
streams and to the sea, some Sows by subterranean courses 
into the bed of fresh-water rivers * or of the ocean, and some 
remains, though even hero not in forever motionless repose, to 
fill deep cavities and underground channels. In every case 

not appear. Other mills of the same sort havo boon erected, and thero ap¬ 
pear to be several points on tho coast where the sea ilowu into tho land; 

Various hypotheses have boon suggested to explain this phenomenon, some 
of which assume that tho water descends to a great depth bonoath tho orust 
of the earth; but tho supposition of a difference of levol in the surfaco of the 
sea on tho opposite sides of tho island, whioh seems confirmed by other cir¬ 
cumstances, is the most obvious raothod of explaining thoso singular facts. 
If wo suppose tho level of tho water on one side of tho island to bo raised by 
tho action of currents throe or four feet higher than on tho other, tho exist¬ 
ence of cavities and channels in tho rock would easily account for a subter¬ 
ranean current beneath tho island, and tho apertures of esenpo might be so 
deep or so small as to elude observation. See Avs dcr Nutur , vol. xix., pp. 
120 ft teqq. I have lately boon informed by a resident of the Ionian Islands, 
who is familiar with tho locality, that the sea flows uninterruptedly into the 
sub-insular cavities, at aU stages of tho tido. 

* “ The affluents roccivcd by tbo Soino bolow Rouen aro so inconniderablo, 
that tho augmentation of the volurao of that river must bo ascribed principally 
to springs rising in its bed. This is a point of which enginoon now tako uotioo, 
and M. Belgrand, tho able ofllccr charged with tho improvomont of the navi¬ 
gation of tho Sciuo betwoon Paris and Rouen, has devoted muoh attention to 
it"— Baiiinkt, fit inks it Lectures, ill., p. 18.1. 

On pago 232 of tho volumo just quoted, the samo author observe* : “ In 
the lower part of its courso, from the falls of tbo Oise, tho Soino roooivos so 
few important aflluouts, that evaporation Mono would suffico to oxhaust all 
the water whioh passes uudor tho bridges of Paris. M 

This supposes a much groatcr amount of evaporation than has been usually 
computod, but I bcliovo it is well settled that tho Soiuo convoys to tho sou 
much more water than is discharged into it by all its superficial branches. 
Babinet states the evaporation from tho surfaeo of water at Paris to bo twioe 
as great as the precipitation. 

Belgrand supposes that the floods of tho Soino at Paris are not produood by 
the superficial flow of the wator of prooipitation into its channel, but from 
the augmented discharge of its romoto mountain sources, whon swollon by 
the rains and molted snows whioh percolate through tho permeable strata in 
its upper course.— Annalct dot PotUs ct Chaiusics, 1851, voL L 
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the aqueous vapors of the air are the ultimate source of supply, 
and all these hidden stores are again returned to the atmos¬ 
phere by evaporation. 

The proportion of the water of precipitation taken up by 
direct evaporation from the surface of the ground 6eems to 
have been generally exaggerated, sufficient allowance not being 
made for moisture carried downwards or in a lateral direction, 
by infiltration or by crevices in the superior rocky or earthy 
strata. According to Wittwer, Mariotte found that but one- 
sixth of the precipitation in the basin of the Seine was 
delivered into that sea by the river, “ so that five-sixths re¬ 
mained for evaporation and consumption by the organic 
world.” * Maury estimates the annual amount of precipitation 
in the valley of the Mississippi at 620 cubic miles, the discharge 
of that river into the sea at 107 cubic miles, and concludes that 
“ this would leave 513 cubic miles of water to bo evaporated 
from this river-basin annually.” f In these and other like com¬ 
putations, the water carried down into the earth by capillary 
and larger conduits is wholly lost sight of, and no thought is 
bestowed upon the supply for springs, for common and artesian 
wells, and for underground rivers, like those in the great caves 
of Kentucky, which may gush up in fresh-water currents at the 
bottom of the Caribbean Sea, or rise to the light of day in the 
far-off peninsula of Florida.:): 


* PhysiealMie Geographic , p. 280. It doos not appoar whotlior this infer¬ 
ence is Mariotte’s or Wittwer’s. I suppose it is a conclusion of the latter. 

According to Vallds, the Seine discharges into the soa thirty per conk of the 
precipitation in its valley, while the Po delivers into the Adriatic two-thirds 
and perhaps oven three-quarters of the total down-fall of its basin. The 
differences between the tributaries of the Mississippi in this respect aro remark¬ 
able, tho Missouri discharging only fifteen per cent., the Yazoo not less than 
ninety. The explanation of these facts is found in the geographical and 
geological oharooter of the valloys of these rivers. The Missouri flows with 
a rapid current through an irregular country, the Yazoo has a very slow flow 
through a low, alluvial region which is kept constantly almost saturated by 
Infiltration. 

f Physical Geography of the Sea . Tenth edition. London, 1801, g 274. 

| In the low peninsula of Florida, rivers, which must have their sources 
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The progress of the emphatically modern science of geology 
has corrected these erroneous views, because tho observations 
on which it depends have demonstrated not only tho existence, 
but the movement, of water in nearly all geological formations, 
have collected evidence of tho presence of largo reservoirs at 
greater or less depths beneath surfaces of almost every char¬ 
acter, and havo investigated tho rationale of tho attendant 
phenomena.* Tho distribution of these waters has bccu 
minutely studied with reference to a great number of local¬ 
ities, and though tho actual mode and rato of their vortical 
and horizontal transmission is still involved in much obscurity, 
the laws which determine their aggregation aro so well under¬ 
stood, that, when tho geology of a given district is known, 
it is not difficult to determine at what depth water will bo 
reached by tho borer, and to what height it will rise. 

Tho same principles havo been successfully applied to tho 
discovery of small subterranean collections or currents of water, 
and some persons havo acquired, by a moderate knowledge 
of the superficial structure of tho earth combined with 
long practice, a skill in tho selection of favorable places for 
digging wells which 6cems to common observers littlo less 

in mountains hundreds of miles distant, pour forth from tho earth with a 
volume sufficient to permit steamboats to ascoud to their basins of eruption, 
lu January, 1>$57, a submarine fresh-water river burst from tho bottom of 
tho sea not far from tho southern extremity of the peninsula, and for a 
whole mouth discharged a current not inforior in volumo to tho rivor Missis¬ 
sippi, or cloven times tho mean dolivory of tho Po, and moro than six times 
that of the Xilo. Wo can explain this phenomenon only by suppoMing that tho 
bed of tho soa was suddenly burst up by tho hydrostatic upward pressure of 
tho water in a doop rosorvoir comruunioating with somo groat subtorrauoon 
river or rcccptaolo in tho mountains of Georgia or of Cuba, or perhaps ovon 
in tho valley of tho Mississippi.— Thomassv, Kami sur VHydrologic, 

Lato southern journals inform us that tho creek under tho Natural B rid go 
in Virginia has suddenly disappeared, being swallowed up by nowly formed 
fissures, of unknown depth, in its channel. It does not appear that an outlet 
for tho waters thus absorbed has been discovered, and it is not improbable 
that thoy aro filling some underground cavity liko that which supplied tho 
submarine rivor just montionod. 

• Boo especially Stoxtaxi, Corn di G colog ia , L, pp. 270 cl ccgg . 
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tliau miraculous. The Abb<5 Paramclle—a French ecclesiastic 
who devoted himself for some years to this subject and was 
extensively employed as a well-finder—states, in his work 
on Fountains, that in the course of thirty-four years he had 
pointed out more than ten thousand subterranean springs, 
and though his geological speculations were often erroneous, 
high scientific authorities have testified to the great practical 
value of his methods, and the general accuracy of his predic¬ 
tions.* 

Hydrographical researches have demonstrated the existence 
of subterranean currents and reservoirs in many regions 
where superficial geology had not indicated their probable 
presence. Thus, a much larger proportion of the precipitation 
in the valley of the Tiber suddenly disappears than can be ac¬ 
counted for by evaporation and visible flow into the channel of 
the river. Castelli suspected that the excess was received by 
underground caverns, and slowly conducted by percolation to 
the bed of the Tiber. Lombardini—than whom there is no 
higher authority—concludes that the quantity of water grad¬ 
ually discharged into the river by subterranean conduits, is not 
less than three-quarters of tho total delivery of its basin.f 

What is truo of tho hydrology of the Tiber is doubtless 
more or less true of that of other rivers, and tho immense 
value of natural arrangements which diminish tho danger of 
sudden floods by retaining a large proportion of the precipita¬ 
tion, and of an excessive reduction of river currents in the 
droughts of summer, by slowly conducting into their beds 
water accumulated and stored up in subterranean reservoirs in 
rainy seasons, is too obvious to require to be dwelt upon. 

The readiness with which water not obstructed by impermea¬ 
ble strata diffuses itself through the earth in all directions—and, 
consequently, the importance of keeping up the supply of sub¬ 
terranean reservoirs—find a familiar illustration in tho effect of 

* Parauellb, QucUenkunde , mit einm Vorwort ton B. Cotta. 1830. 

t Bee Loubaudini, lmportanta degli stud* ntUa StatUtica da Fiumi , p. 27; 
also, some author, ButU Inondmioni atocnuU in Francia , eta, p. 20. 
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paving the ground about the stems of vines and trees. The 
surface-earth around tlio trunk of a tree may bo made almost 
impervious to water, by flagstones and cement, for a distance as 
great as the spread of the roots; and yet the treo will not suffer 
for want of moisture, except in droughts severe enough sensibly 
to affect the supply in deep wells and springs. Both forest and 
fruit trees attain a considerable age and sizo in cities whero the 
streets and courts aro closely paved, and where oven the lateral 
access of water to the roots is more or less obstructed by deep 
cellars and foundation walls. The deep-lying veins and sheets 
of water, supplied by infiltration from often comparatively 
distant sources, send up moisture by capillary attraction, and the 
pavement prevents the soil beneath it from losing its humidity by 
evaporation. Hence, city-grown trees find moisture enough for 
their roots, and though plagued with smoko and dust, often 
retain their freshness, whilo those planted in the open fields, 
where sun and wind dry up the soil faster than the subterranean 
fountains can water it, aro withering from drought.* Without 
the help of artificial conduit or of water-carrier, the Thames 
and the Seine refresh the ornamental trees that shade the 
thoroughfares of London and of Paris, and beneath tlio hot and 
recking mould of Egypt, the Kilo sends currents to tlio cx- 
tremest border of its valley, f 


* The roots of trees planted in towns do not depond exclusively on infiltra¬ 
tion for tboir supply of water, for thoy rccoive a certain amount of both mois¬ 
ture and air through the interstices between tlio paving-stones; but whoro 
wido surfaces of streots and courts aro paved with air and water tight asphal- 
tum, as in Paris, trees suffer from tho diminished supply of thoso necessary 
elements. 

f See the interesting observations of Kuieok on this subject, Schriftcn zur 
aXlrjemeuicii Erdkundc , cap. iii., § 0, and especially tho passages in Rirmi's 
Enlkundt) vol. i., there roferred to. 

The tenacity with which tho parched soil of E^ypt rotains the supply of 
moisturo it rccoivcs from tho Nilo is woll illustrated by observations of Girard 
cited by Lombardini from tho Mi moire* do VAcmlemU da Scion fc. ii., 1817. 
Girard dug wells at distances of 8,200,1,800, and 1,200 metres from tho Nilo, and 
after tlifco months of low water in tho river, found water in tho most romote 
weU, at 4®. 07, in tho next at 4®. 23, and in that ncarost tho bank at 3®. 44 
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Artesian Wells. 

The existence of artesian wells depends upon that of sub¬ 
terranean reservoirs and rivers, and the supply yielded by 
borings is regulated by the abundance of such sources. The 
waters of the earth are, in many cases, derived from superficial 

above the surface of the Nile. The fact that the water was highest in the 
most distant well appears to show that it was derived from the inundation 
and not, by lateral infiltration, from the river. But water is found beneath 
the sands at points far above and beyond the reach of the in undat ions, and can 
be accounted for only by subterranean percolation from the Nile. At high 
flood, the hydrostatic pressure on the bonks, combined with capillary attrac¬ 
tion, sends water to great horizontal distances through the looso soil; at low 
water the current is revorsod, and the moisture reoeivcd from the river is 
partly returned, and may often be seen oozing from the banks into the river. 
—Clot Bey, Apcrqu tur VEyyptc, i., 128. 

Laurent {Manoirct tur U Sahara Oriental, pp, 8, 0), in speaking of a river 
at El-Faid, “which, like all those of the desert, is, most of the time, without 
water,” observes, that many wells aro dug in the bed of the river in the dry 
season, and that the subterranean supply of water thus reached extends itself 
laterally, at about the same level, at least a kilomotro from the river, as water 
is found by digging to the depth of twelve or fifteen metres at a village situat¬ 
ed at that distance from tho bank. 

Recent experiments, howovor, have shown that in the case of rivers flowing 
through thickly peopled regions, and especially where tho refuso from indus¬ 
trial establishments is discharged into them, the finely comminuted material 
received from sewers and factories sometimes dogs up tho interstices between 
the particles of sand and gravel which compose the bed and banks, and the 
water is consequently confined to tho channel and no longor diffuses itsolf 
laterally through the adjacent soil. This obstruction of course acts in both 
directions, aooording to circumstances. In one oase, it prevents the escape of 
river-water and tends to maintain a full flow of the current; in another it 
intercepts the supply the river might otherwise receive by infiltration from the 
land, and thus tends to reduce the volume of the stream. In some instances, 
pits have been sunk along the banks of large rivers and the water which filters 
into them pumped up to supply aqueducts. This method often succeeds, but 
where the bed of the stream has been rendered impervious by tho discharge 
of impurities into it, it oannot bo depended upon. 

The tubular wells generally known as the American wells furnish another 
proof of the free diffusion and circulation of water through the soil I do 
not know the date of the first employment of these tubes in the United States, 
but ns early as 1801 , the Chevalier Calandra used wooden tubes for this pur- 
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currents which are seen to pour into chasms opened, as it were, 
expressly for their reception ; and in others, where no apertures 
in the crust of the earth have been detected, their existence is 
proved by the fact that artesian wells sometimes bring up 
from great depths seeds, leaves, and even living fish, which 
must have been carried down through channels largo enough 

pose in Piedmont, with complete success. See tho interesting pamphlet, Sulla 
Estrazione dclle Acque Sotterranee , by 0. Oalaxdha. Torino, 18C7. 

The most remarkable case of infiltration known to me by personal observa¬ 
tion is the occurrence of fresh water in the bcoch-sand on the eastern side of 
the Gulf of Akaba, the eastern arm of the Red Sea. If you dig a cavity in the 
beach near the sca-levcl, it soon fills with wator so fresh as not to bo undrink¬ 
able, though the sea-water two or three yards from it contains evon more than 
the averngo quantity of salt. It oannot be maintained that this is sea-water 
freshened by filtration through a few feet or inches of sand, for salt-water 
cannot bo deprived of its salt by that process. It can only come from the 
highlands of Arabia, and it would seem that thcro must exist some large reser¬ 
voir in the interior to furnish a Bupply which, in spite of evaporation, holds 
out for months after the last rains of winter, and perhaps even through the 
year. I observed the fact in tho month of June. Soe Robinson, Biblical 
Researchcs, 18o7, vol L, p. 1G7. 

The precipitation in the mountains that border the Red Sea is not known by 
pluviometrio measurement, but the mass of debris brought down tho ravines 
by the torronts proves that their volume must bo largo. Tho proportion of 
surfaco covered by sand and absorbent earth, in Arabia Petrsoa and tho neigh¬ 
boring countries, is smaU, and the mountains drain themselves rapidly into 
the wadies or ravines whero tho torrents are formed; but the beds of earth 
and disintegrated rock at tho bottom of tho valloys are of so loose and porous 
texture, that a great quantity of wator is absorbed in saturating them boforo 
a visiblo current is formed on their surfaoo. In a heavy thundor-storm, 
accompanied by a deluging rain, which I witnessed at Mount Sinai in the 
month of May, a large stream of water poured, in an almost continuous cas¬ 
cade, down the steep ravine north of tho convent, by which travellers some¬ 
times descend from the plateau between the two peaks, but after reaching 
tho foot of tho mountain, it flowed but a few yards bofore it was swallowed 
up in the sands. 

Fresh-water wells are not unfrequcntly found upon the bordors of ocean 
beaches. In tho dry summer of 1870, drinkable water was prooured in many 
places on the coast of Liguria by digging to tho dopth of a yard in tho boaoh- 
sands. Tubular wells roach fresh water at twclvo cr fifteen foet below the 
surface on the sandy plains cf Cape Cod. In this latter case, the supply is 
more probably derived directly from precipitation than from lateral infiltra¬ 
tion. 
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to Admit a considerable stream.* But in general, the sheets 
and currents of water reached by deep boring appear to be 
primarily due to infiltration from highlands where the water 
is firet collected in superficial or subterranean reservoirs. By 
means of channels conforming to the dip of the strata, these 
reservoirs communicate with the lower basins, and exert upon 
them a fluid pressure sufficient to raise a column to the sur¬ 
face, whenever an orifice is opened.f The water delivered by 
an artesian well is, therefore, often derived from distant 
sources, and may be wholly unaffected by geographical or 
meteorological changes in its immediate neighborhood, while 
tho samo changes may quite dry up common wells and springs 
which are fed only by the local infiltration of their own nar¬ 
row basins. 

In most cases, artesian wells have been bored for purely eco¬ 
nomical or industrial purposes, such as to obtain good water for 
domestic use or for driving light machinery, to reach salino or 
other mineral springs, and recently, in America, to open fount¬ 
ains of petroleum or rock-oil. The geographical and geological 
effects of such abstraction of fluids from tho bowels of tho earth 
arc too remote and uncertain to bo hero noticed; % but artesian 

* Ciiarlks Martins, Lo Sahara, in Revue ties Deux Monties, 8cpt. 1, 1804, 
p. 010 ; Stoppani, Corto di Oooloffia, i., 281; Dkbor, Lie Sahara , Basel, 1871, 
pp. 50, 51. 

t It is conceivable that in shallow subterranean basins superincumbent 
mineral strata may rest upon the water and bo partly supported by it. In 
such oaso tlio weight of such strata would bo an additional, if not the solo, 
oauso of the ascent of the water through the tubes of artesian wells. 

Tho ascont of petroleum in the artesian oil'wolls in Pennsylvania, and, in 
many oases, of salt-water in similar tubes, oan hardly be asoribed to hydro¬ 
static pressure, and there is muoh difficulty in aooounting for the riso of water 
in artesian wolls in many parts of the African desert on that principle. Perhaps 
tho elasticity of gases, whioh probably aids in f oroing up petroleum and saline 
waters, may be, not unfrequently, an agency in oausing the flow of water in 
oommon artesian borings. It is said that artesian wells lately bored in Chi¬ 
cago, some to the depth of 1,GOO foot, raise water to the height of 100 feet 
above the surfaoe. What is the source of tho pressure ? 

X Many more or less probable oonjeoturos have been made on this snbjeot, 
but thus far I am not aware that any of the apprehended results have been 




ARTESIAN WELLS IK THE DESERT. 


479 


wells have lately been employed in Algeria for a purposo which 
has even now a substantial, and may hereafter acquire a very 
great geographical importance. It was observed by many ear¬ 
lier as well as recent travellers in the East, among whom Shaw 
deserves special mention, that the Libyan desert, bordering upon 
the cultivated shores* of tho Mediterranean, appeared in many 
places to rest upon a subterranean lake at an accessible distance 
below tho surface. Tho Moors are vaguely said to lore artesian 
wells down to this rcsorvoir, to obtain water for domestic uso 
and irrigation, and there is evidence that this art was practised 
in Northern Africa in tho Middlo Ages. But it had bcon lost 
by tho modem Moors, and tho universal astonishment and incre¬ 
dulity with which tho native tribes viewed tho operations of tho 
French engineers sent into the desert for that purposo, aro a 
sufficient proof that this modo of reaching tho subterranean 
waters was now to them. They were, however, aware of tho 
existence of water below tho sands, and were dexterous in dig¬ 
ging wells—square shafts lined with a framework of palm-treo 
stems—to tho level of tho sheet. The wells so constructed, 
though not technically artesian wells, answer tho 6ame purposo; 


actually shown to have happened. In nn articlo In tho Annalrs da Ponts et 
Chavmeci for July and Augmt, 1830, p. 131, it was suggested that tho sinking 
of the piom of a bridgo at Tours in Franco was occasioned by tho abstraction of 
water from tho earth by artesian wells, and tho consequent withdrawal of tho 
mechanical support it had previously given to tho strata containing it. A 
reply to this articlo will bo found in Viollkt, Th&orU da PuiU Artitiens, 
p. 217. 

In oorao instances tho water has rushed up with a force which sooraod to 
throatou tho inundation of tho neighborhood, and ovon tho washing away of 
much soil; but in those cases the partial exhaustion of tho supply, or tho relief 
of hydrostatic or clastic pressure, has generally produced a diminution of the 
flow in a short time, and I do not know that any serious evil has evor boon occa¬ 
sioned in this way. 

In April, 18G0, a case of this sort occurred in boring an artesian woll near 
the ehurch of St Agnes at Veniee. When the drill reached tho depth of 100 
feet, a jet of mud and water was shot up to the height of 130 foot above the 
surfaoe, and oontinued to flow with groduaUy diminishing force for about eight 
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for the water rises to the surface and flows over it as from a 
sjiring.* 

* See a very interesting account of these wells, and of the workmen who 
clean them out when obstructed by Band brought up with the water, in 
Laurent's memoir on the artesian wells recently bored by the Frenoh Govern¬ 
ment in the Algerian desert, J/7 moire sur Is Sahara Oriental , etc., pp. 10 ct 
seqq, Sorao of the men remained under water from two minutes to two min¬ 
utes and forty seconds. Severnl officers are quoted as having observed im¬ 
mersions of three minutes’ duration, and M. Bcrbrugger witnessed one of six 
minutes and five soconds and another of five minutes and fifty-five seconds. 
The shortost of theso poriods is longer than the best poarl-diver can remain 
below the surface of salt-water. The wolls of the Sahara are from twenty to 
eighty metres doep.— Dicboh, Die Sahara , Basel, 1871, p. 43. 

The ancient Egyptian* were acquainted with tho art of boring artesian 
wolls. Ayme, a Frenoh engineer in the service of the Pacha of Egypt, found 
several of tlicso old wells, a fow years ago, in tho oases. They differed littlo from 
modem artesian wells, but were provided with pear-shaped valves of stone for 
dosing them when water was not neoded. When freed from the sand and 
rubbish with which they woro choked, they flowed freely and throw up fish 
largo onough for tho table. The fish woro not blind, as cavo-fish often are, but 
wero provided with eyes, and bolongcd to ppcoios common in tho Nilo Tho 
sand, too, brought up with them resembled that of the bed of that river. 
Hcnco it is probable that they were carried to tho oases by subtorrnnoan chan¬ 
nels from the Nile.—-DEBon, Die Sahara , Basel, 1871, p. 28 ; Stoppani, Cor ho 
( li Gcolaqia , i., p. 281. Barth speaks of common wells in Northern Africa 
from 200 to 800 foot deop. — 1'eitcn in Africa , il., p. 180. 

It is certain that artesian wells have been common in China from a very 
remote antiquity, and the simplo method used by tho Chincso—whore tho 
drill is raised and let fall by a rope, instead of a rigid rod—has lately been em¬ 
ployed in Europe with advantage. Some of tho Chinese wells arc said to bo 
3,000 feet deep ; that of Ncusalswerk in Silesia is 2,300. A well wosborodat 
St. Louis, in Missouri, a fow years ago, to supply a sugar refinery, to tho depth 
of 2,100 feet. This was executed by a private firm in three years, at the 
oxpenso of only $10,000. Four years sinoe tho boriug was recommenced in 
this well and reached a depth of 3,150 foot, but without a satisfactory result. 
Another artosian well was sunk at Columbus, in Ohio, to tho depth of 2,500 
feet, but without obtaining the desired supply of water. Perhaps, howovor, 
the artesian woll of the greatest depth evor executed until very rocontly, is that 
bored within the last six or seven years, for tho use of an Insane Asylum near 
St. Louis. This well descends to the depth of threo thousand oight hundred 
and forty-three feet, but the water which it fumishos is small in quantity and 
of a quality that cannot be lined for ordinaiy domestic purposes. The boro 
has a diameter of six Inches to the depth of 425 feet, aud after that it is re¬ 
duced to four inohes. For about three thousand feet the strata penetrated 




ARTESIAN WELLS IN THE DESERT. 


4S1 


These wells, however, are too few and too scanty m supply 
to serve any other purposes than the domestic wells of other 
countries, and it is but recently that the transformation of 
desert into cultivable land by this means has been seriously 
attempted. The French Government lias bored a lar^o num¬ 
ber of artesian wells in tho Algerian desert within a few years, 

were of carboniferous and magnesian limestone alternating with sandstone. 
Tho remainder of the wcU passes through igneous rock. Afc St. Louis the 
Missouri and Mississippi rivers are not inoro than twenty miles distant from 
each other, and it is worthy of note that tho waters of ueithor of those two 
rivers appear tohavo opened for themselves a considerable subterranean pass¬ 
age through the rocky strata of tho peninsula which separates them. 

When in boring an artesian woll water is uot reached at a rnodorato depth, 
it is not always certain that it wiU bo found by driving tho drill still lower. 
In certain formations, water diminishes as wo descend, and it scorns probable 
that, except incaso of caverns and deep fi-suivs, tho weight of tho superincum¬ 
bent mineral strata so compresses tho underlying ones, at no vary groat dis¬ 
tance below tho surfaco, as to rcudor them impcrmeablo to water and con¬ 
sequently altogether dry. Sco London Quarterly Journal of Science , No. xvii., 
Jan., 1808, p. 18. 10. 

In tho silver mines of Nevada water is scarcely found at depths below 1,000 
feet, and at 1,1200 feet from tho Burfaco tho earth is quite dry.— American 
Annual of Scientific Discovery for lb70, p. 73. 

Similar facts are observed in Australia. The Pleasant Creek Xcic* writes : 
44 A singular and unnocountublo fcaturo iu connection with our dcop quart* 
mines is being dovelopcd daily, which must surprise those well oxpcricncod in 
mining matters. It is thcdecrcaso of wator us the greater depths are rcachod. 
In tho Mngdala shaft at 030 ft. tho water has decreased to a minimum / iu the 
Crown Cross Roof Company's shaft, at 800 ft., notwithstanding tho two roofs 
recently struck, no extra wator has boon met with; and in tho long drivo of 
tho Extended Cross Hoof Company, at a depth of over 800 ft.. tho wator is 
lighter than it was nearer tho surfaco." 

Boring has been carried to a groat dopth at Spcrcnborg near Berlin, whoro, 
in 1871, the drill had dcsccndod 3,000 foot below tho surfaco, pacing through 
a stratum of salt for the Inst 3,200 foot; but tho drilling was still in progress, 
the whole thickness of the salt-bod not having boon penctratod .—'Amder 
Natur % voL 55, p. 208. 

Tho facts that thero arc mines extending two miles under the bed of the 
soa, which ore not particularly subject to inconvenicnco from wator, that lit¬ 
tle water was encountered in the Mt. Ccnis tunnel, 3300 foot below tho surfaoo, 
imd that at Scarpa, not far from Tivoli, there is on ancient well 1700 feet 
deep with but eighteen foot of water, may also be cited as proofs that water 
is not universally diffused at great distances beneath tho surface. 

31 
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and the native sheikhs are beginning to avail themselves of the 
process. Every well becomes the nucleus of a settlement pro¬ 
portioned to the supply of water, and before the end of the 
year 1860, several nomade tribes had abandoned their wander¬ 
ing life, established themselves around the wells, and planted 
more than 30,000 palm trees, besides other perennial vege¬ 
tables.* The water is found at a small depth, generally from 
100 to 200 feet, and though containing too large a proportion of 
mineral matter to bo acceptable to a European palate, it an¬ 
swers well for irrigation, and does not prove unwholesome to 
the natives. 

The most obvious use of artesian wells in the desert at 
present is that of creating stations for the establishment of 
military posts and halting-places for the desert traveller; but 
if the supply of water shall prove adequate for the indefinite 
extension of the system, it is probably destined to produce a 
greater geographical transformation than has ever been effected 
by any scheme of human improvement. 

The most striking contrast of landscape scenery that nature 
brings near together in time or place, is that between tho green¬ 
ery of tho tropics, or of a northern summer, and tho snowy 
pall of leafless winter. Next to this in startling novelty of 


* 44 In the anticipation of our success at Oum-Thiour, everything had been 
prepared to take advantage of this new source of wealth without a moment’s 
dolay. A division of the tribe of the Selmia, and their sheikh, Afosa ben ShA, 
laid the foundation of a village as soon as the water (lowed, and planted 
twelve hundred date-palms, renouncing their wandering life to attach them¬ 
selves to the soil. In this arid spot, lifo had taken the place of solitude, and 
presented itself, with its smiling imagos, to the astonishod traveller. Young 
girls were drawing water at the fountain; the docks, the great dromedaries 
with thoir slow paoe, the horses led by the halter, wore moving to the water¬ 
ing trough; the hounds and the falcons enlivened the group of party-oolored 
tents, fend living voioes and animated movement had suooeeded to silenoe and 
desolation.”— Laurent, Memoirtt »ur U 8aJinra , p. 85 . 

Between 1850 and 1804 the Frenoh engineers had bored 83 wells in the 
Hodna and the Sahara of the Provtnoe of Constantine, yielding, aU together, 
0,000gallons a minute, and irrigating more than 125,000 date-palms.— Reolus, 
La Tim, i, p. HO. 
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effect, we must rank the sudden transition from tho shady and 
verdant oasis of the desert to the bare and burning party-col* 
ored ocean of sand and rock which surrounds it.* Tho most 
sanguine believer in indefinite human progress hardly expects 
that man’s cunning will accomplish tho universal fulfilment of 
the prophecy, “ the desert shall blossom as tho rose,” in its literal 
sense; but sober geographers have thought tho future conversion 
of the sand plains of Northern Africa into fruitful gardens, by 
means of artesian wells, not an improbable expectation. They 
have gone farther, and argued that, if tho soil were covered 
with fields and forests, vegetation would call down moisture 


* The variety of huea and tones in tho local color of the dosert is, I think, 
one of the phenomena which most surprise and interest a stranger to thoso 
regions. In England and the United States, rock is so gcnorally coverod with 
moss or earth, and earth with vegetation, that untravellcd Englishmen and 
Americans are not very familiar with naked lock as a conspicuous clomont of 
landscape. Hence, in their conception of a baro cliff or prcoipico, they 
hardly ascribe definite color to it, but depict it to their imagination as wear¬ 
ing a neutral tint not assimilable to any of tho hues with which nature tinges 
her atmospheric or paints her organic creations. There aro certainly exten¬ 
sive desert ranges, chiefly limestone formations, where the surface is cither 
white, or has weathered down to a dull uniformity of tone which can hardly 
bo culled color at all; and thoro aro sand plains and drifting hills of weari- 
somo monotony of tint. But tho chemistry of tho air, though it may tame 
tho glitter of tho limestono to a dusky gray, brings out tho groon and brown 
and purple of the igneous rocks, and tho white and red and blue and violet 
and yellow of tho sandstono. Many a cliff in Arabia Petrooa is as manifold in 
color as the rainbow, and tbo veins are so variable in thickness and inclination, 
so contorted and involved in arrangement, as to bewilder tho eye of the spec¬ 
tator liko a disk of party-colored glass in rapid evolution. 

In the narrower wadies tho mirago is not common; but on broad expanses, 
as at many points betwoon Cairo and Suez, and in Wadi el Araba, it mocks 
you with lakes and land-locked bays, studded with islands and fringed with 
trees, all painted with an illusory truth of representation absolutely indis¬ 
tinguishable from the reality. The checkered earth, too, is canopied with a 
heaven as variegated as itself. You see, high up in tho sky, rosy clouds at 
noonday, colored probably by reflection from tho ruddy mountains, while 
near tho horizon float cumuli of a transparent, ethereal blue, seemingly balled 
up out of the clear cerulean substance of the firmament, and detached from 
the heavenly vault, not by color or consistenoe, but solely by the light and 
■hade of their salient and retreating outlines. 




484 


ARTIFICIAL SPRINGS. 


from the Libyan sky, and that the showers which are now 
wasted on the sea, or so often deluge Southern Europe with 
destructive inundation, would in part be condensed over the 
arid wastes of Africa, and thus, without further aid from man, 
bestow abundance on regions which nature seems to have con¬ 
demned to perpetual desolation. 

An equally bold speculation, founded on the well-known 
fact that the temperature of the earth and of its internal waters 
increases as we descend beneath the surface, has suggested that 
artesian wells might supply heat for industrial and domestic 
purposes, for hot-house cultivation, and even for the local 
amelioration of climate. The success with which Count Lar- 
darel has employed natural hot springs for the evaporation 
of water charged with boracie acid, and other fortunate appli¬ 
cations of the heat of thermal sources, lend some countenance 
to the latter project; but both must, for the present, be ranked 
among the vague possibilities of science, not regarded as prob¬ 
able future triumphs of man over nature. 

Artificial Swings. 

A more plausible and inviting scheme is that of the crea¬ 
tion of perennial springs by husbanding rain and snow water, 
storing it up in artificial resorvoirs of earth, and filtering it 
through purifying strata, in analogy with the operations of 
nature. The sagacious PalUsy—starting from tho theory that 
all springs are primarily derived from precipitation, and rea¬ 
soning justly on the accumulation and movement of water in 
the earth—proposed to reduce theory to practice, and to imi¬ 
tate the natural processes by which rain is absorbed by the 
earth and given out again in running fountains. “When I 
had long and diligently considered the cause of the springing 
of natural fountains and the places where they be wont to 
issue, w says he, “ 1 did plainly perceive, at last, that they do 
proceed and are engendered of nought but the rains. And it 
is this! look you, which hath moved me to enterprise the gath- 



ARTIFICIAL SPRINGS. 


4S5 


ering together of rain-water after the manner of nature, and 
the most closely according to her fashion that I am able; and 
I am well assured that by following the formulary of the 
Supreme Contriver of fountains, I can make springs, the water 
whereof 6liall be as good and pure and clear as of such which 
bo natural.”* Palissy discusses the subject of the origin 
of springs at length and with much ability, dwelling specially 
on infiltration, and, among other things, thus explains the fre¬ 
quency of springs in mountainous regions: “Having well 
considered the which, thou mayest plainly see the reason why 
there bo more springs and rivulets proceeding from the moun¬ 
tains than from the rest of the earth; which is for no other 
cause but that the rocks and mountains do retain tho water of 
the rains like vessels of brass. And tho said waters falling 
upon the said mountains descend continually through tho earth, 
and through crevices, and stop not till they find some place 
that is bottomed with stone or close and thick rocks; and they 
rest upon such bottom until they find some channel or other 
manner of issue, and then they flow out in springs or brooks 
or rivers, according to tho greatness of tho rc&ervoird and of tho 
outlets thereof.” f 

After a full exposition of his theory, Palissy proceeds to 
describe his method of creating springs, which is substantially 
tho same as that lately proposed by Cabinet in tho following 
terms: “Choose a piece of ground containing four or five 
acres, with a sandy soil, and with a gentle slope to determine 
the flow of tho wator. Along its upper line, dig a trench five 
or six feet dcop and six feet wide. Level tho bottom of tho 
trench, and make it impermeable by paving, by macadamizing, 
by bitumen, or, more simply and cheaply, by a layer of clay. 
By the 6ide of this trench dig another, and throw tho earth 
from it into the first, and so on until you have rendered the 


• (Eat res de Palissy, Dei Eavx et Fontaines, p. 157. 
t Id., p. 100. Palissy's method has rocontly been tried with good suooeu 
in various parts of France. 
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subsoil of tho whole parcel impermeable to rain-water. Build 
a wall along tho lower line with an aperture in the middle for 
the water, and plant fruit or other low trees upon the whole, 
to shade the ground and check tho currents of air which pro¬ 
mote evaporation. This will infallibly give you a good spring 
which will flow without intermission, and supply the wants of 
a whole hamlet or a largo chateau.” # Babinet states that the 
whole amount of precipitation on a reservoir of the proposed 
area, in the climate of Paris, would be about 13,000 cubic 
yards, not above one half of which, he thinks, would bo lost, 
and, of course, tho other half would remain availablo to supply 
tho spring. I much doubt whether this expectation world be 
realized in practice, in its whole extent; for if Babinet is right 
in supposing that the summer rain is wholly evaporated, the 
winter rains, being much less in quantity, would hardly suffice 
to keep the earth saturated and givo off so large a surplus. 

Tho method of Palissy, though, as I have said, similar in 
principle to that of Babinet, would bo cheaper of execution, 
and, at tho same time, more efficient. IIo proposes tho con¬ 
struction of relatively small filtering receptacles, into which ho 
would conduct tho rain falling upon a largo area of rocky hill¬ 
side, or other sloping ground not readily absorbing water. 
This process would, in all probability, be a very successful, as 
well os an inexpensive, mode of economizing atmospheric pre¬ 
cipitation, and compelling the rain and snow to form perennial 
fountains at will. 

* Babinet, Etudes et Lectures sur lee Sciences & Observation, ii., p. 225. 
Our author precedes his oocount of his mothod with a oomploint which 
most men who indulge in thinking have occasion to repoat many times in 
the courae of their lives. 44 1 wiU explain to my readers tho construction of 
artificial fountains according to the plan of the famous Bernard de Palissy, 
who, a hundred and fifty [three hundred] years ago, came and took away 
from me, a humble academician of the nineteenth century, this discovery 
which I hod taken a great deal of pains to make. It is enough to discourage 
all invention when one finds plagiarists in the past as well as in the future l ” 
(P.224.) 
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Economizing Precipitation. 

The methods suggested by Palissy and by JBabinct are of 
limited application, and designed only to supply a sufficient 
quantity of water for the domestic use of small villages or largo 
private establishments. Dumas has proposed a much more ex¬ 
tensive system for collecting and retaining the whole precipita¬ 
tion in considerable valleys, and storing it in reservoirs, whence 
it is to be drawn for household and mechanical imrposes, for 
irrigation, and, in short, for all the uses to which the water of 
natural springs and brooks is applicable, llis plan consists in 
draining both surface and subsoil, by means of conduits differ¬ 
ing in construction according to local circumstances, but in the 
main not unliko those employed in improved agriculture, col¬ 
lecting the water in a central channel, securing its proper fil- 
tcrage, checking its too rapid flow by barriers at convenient 
points, and finally receiving tho whole in spacious, covered 
reservoirs, from which it may bo discharged in a constant ilow 
or at intervals as convenience may dictate.* 

There is no reasonable doubt that a very wide employment 
of these various contrivances for economizing and supplying 
water is practicable, and tho expediency of resorting to them 
is almost purely an economical question. There appears to bo 
no serious reason to apprehend collateral evils from them, and 
in fact all of them, except artesian wells, aro simply indirect 
methods of returning to the original arrangements of nature, 
or, in other words, of restoring the fiuid circulation of tho globe; 
for when the earth was covered with tho forest, perennial 
springs gushed from tho fi>ot of every hill, brooks flowed down 
tho bed of every valley. The partial recovery of the fountains 
and rivulets winch onco abundantly watered tho faco of the 
agricultural world seems practicable by such means, oven with¬ 
out any general replanting of tho forests ; and tho cost of one 
year’s warfare—or in some countries of that armed pcaco which 


* 31 G. Dcmas, La Science da Fontaines , 1857. 




4S8 


INUNDATIONS AND TORRENTS. 


lias been called "Platonic war”—if judiciously expended in a 
combination of both methods of improvement, would secure, to 
almost every country that man has exhausted, an amelioration 
of climate, a renovated fertility of soil, and a general physical 
improvement, which might almost be characterized as a new 
creation. 


Inundations and Torrents . 

In pointing out in a former chapter the ovils which have re¬ 
sulted from the too extensive destruction of the forests, I dwelt 
at some length on the increased violence of river inundations, 
and especially on the devastations of torrents, in countries im- 
providently deprived of their woods, and I spoke of the replant¬ 
ing of the forests as probably the most effectual method of 
proventing the frequent recurrence of disastrous floods. Thero 
are many regions whore, from the loss of the superficial soil, 
from financial considerations, and from other special causes, the 
general restoration of the woods is not, under present circum¬ 
stances, cither possible or desirable. In all inhabited countries, 
the necessities of agriculture and other considerations of human 
convenience will always require the occupation of much the 
largest proportion of the surface for purposes inconsistent with 
the growth of extensive forests. Even where largo plantations 
are possible and in actual process of execution, many years must 
elapse before the action of the destructive causes in question 
can bo arrested or perhaps oven sensibly mitigated by their in¬ 
fluence ; and besides, floods will always occur in years of exces¬ 
sive precipitation, whether the surface of the soil be generally 
cleared or generally wooded.* 


* All the arrangements of rural husbandry, and we might say of civilized 
occupancy of the earth, are suoh as necessarily to increase the danger and the 
range of floods by promoting the rapid discharge of the waters of precipitation. 
Superficial, if not subterranean, drainage is a necessary condition of aU agri¬ 
culture. There is no field which has not some artificial disposition for this 
purpose, and even the furrows of ploughed land, if the surface is inolined, 
and especially when it is frozen, serve rather to carry off than to retain 
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Physical improvement in this respect, then, cannot bo con¬ 
fined to merely preventive measures, but, in countries subject 
to damage by inundation, means must bo contrived to obviate 
dangers and diminish injuries to which human life and all the 
works of human industry will occasionally bo exposed, in spite 
of every effort to lessen the frequency of their recurrence by 
acting directly on the causes that produce them. As every 
civilized country is, in some degree, subject to inundation by 
the overflow of rivers, the evil is a familiar one, and needs no 
general description. In discussing this branch of tho subjoct, 
therefore, I may confine myself chiefly to tho means that have 
been or may be employed to resist the force and limit tho rava¬ 
ges of floods, which, left wholly unrestrained, would not only 
inflict immense injury uj>on tho material interests of man, but 
produce geographical revolutions of no little magnitude. 

Inundations of 1S5G in France . 

The month of Hav, 1S5G, was remarkable for violent and 
almost uninterrupted rains, and most of tho river-basins of 
Franco were inundated to an extraordinary height. In tho val¬ 
leys of tho Loire and its affluents, about a million of acres, in¬ 
cluding many towns and villages, were laid under water, and 
tho amount of pecuniary damage was almost incalculable.* 
Tho flood was not less destructive in tho valloy of tho Rhone, 
and in fact an invasion by a hostile army could hardly have 
been more disastrous to tho inhabitants of tho plains than was 
this terrible deluge. There had been a flood of this latter 
river in tho year 18*10, which, for height and quantity of water, 
was almost as rcmarkublo as that of 1S5G, but it took placo in 

wator. As Bccquercl has observed, common road and railway ditobos oro 
among 1 tho most efficient conduits for tho disohargo of surfaoo-wator whioh 
man has yet constructed, and of course they are powerful agents in causing 
river inundations. All these channels are, indeed, necessary for tho conve¬ 
nience of man, but this convenience, like every ocher intorferenoe with the or¬ 
der of naturo, must often be purchased at a heavy cost. 

« Champion, La hwndalion* 11 * Frana t iii., p. 150, note. 
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tlie month of November, when the crops had all been harvested, 
and the injury inflicted by it upon agriculturists was, therefore, 
of a character to be less severely and less immediately felt than 
the consequences of the inundation of 185G.* 

In the fifteen years between these two great floods, the popu¬ 
lation and the rural improvements of the river valleys had 
much increased, common roads, bridges, and railways had been 
multiplied and extended, telegraph lines had been constructed, 
all of which shared in the general ruin, and hence greater and 
more diversified interests were affected by the catastrophe of 
1S5G than by any former like calamity. The great flood of 1840 
had excited the attention and roused the sympathies of the 
French people, and the subject was invested with new interest 
by the still more formidable character of the inundations of 
1856. It was felt that these scourges had ceased to be a matter 
of merely local concern, for, although they bore most heavily 
on those whose homes and fields were situated within the im¬ 
mediate reach of the swelling waters, yet they frequently de¬ 
stroyed harvests valuable enough to be a matter of national 
interest, endangered tho personal security of the population of 
iinjwrtant political centres, interrupted communication for days 
and oven weeks together on great lines of traffic and travel— 
thus severing, as it were, all South-western France from the rest 
of the empire—and finally threatened to produce great and per¬ 
manent geographical changes. The well-being of tho whole 
commonwealth was seen to bo involved in preventing tho recur¬ 
rence and in limiting the range of such devastations. The 
Government encouraged scientific investigation of tho phono- 

* Notwithstanding this favorable circumstance, the damage done by the 
inundation of 1840 in the valley of the Rhone was estimated at soventy-two 
millions of francs.— Oiiampion, Lee Inondations at France , iv., p. 124. 

Several smaller floods of the Rhone, experienced at a somewhat earlier sea¬ 
son of the year in 1846, occasioned a loss of forty-five millions of francs. 
“ What if,” says Dumont, “ instead of happening in October, that is, between 
harvest and seedtime, they had occurred before the crops were seoured ? The 
damage would have been oounted by hundreds of millions.”— Dc* Travaua 
PuUie if, p. 99, note. 
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mcna and their laws. Their causes, their history, their imme¬ 
diate and remote consequences, and the possible safeguards to 
be employed against them, have been carefully studied by the 
most eminent physici&ts, as well as by the ablest theoretical 
and practical engineers of France, llany hitherto unobserved 
facts have been collected, many new hypotheses suggested, and 
many plans, more or less original in character, have been de¬ 
vised for combating the evil; but thus far, the most competent 
judges are not well agreed as to the mode, or even the possi¬ 
bility, of applying an effectual remedy. 

I have noticed in the next preceding chapter tho recent legis¬ 
lation of Franee upon tho preservation and restoration of tho 
forests, with reference to their utility in subduing torrents and 
lessening the frequency and diminishing tho violcnco of river 
inundations. Tho provisions of these laws are preventive 
rather than remedial, but most beneficial effects liavo already 
been experienced from the measures adopted in pursuance of 
them, though sufficient time has not yet elapsed for tho com¬ 
plete execution of the greater operations of tho system. 

Basins of Reception. 

Destructive inundations of largo rivers are 6oldom, if over, 
produced by precipitation within tho limits of the principal 
valley, but almost uniformly by sudden thaws or excessive rains 
on tho mountain ranges where the tributaries tako their rise. 
It is therefore plain that any measures which shall check tho 
flow of surface-waters into the channels of tho afducnts, or 
which shall retard the delivery of such waters into tho princi¬ 
pal stream by its tributaries, will diminish iu tho same propor¬ 
tion tho dangors and tho evils of inundation by great rivet’s. 
Tho retention of tho surface-waters upon or iu tho soil can 
hardly bo accomplished except by tho methods already men¬ 
tioned, replanting of forests, aud furrowing or terracing. Tho 
current of mountain streams can bo checked by various 
methods, among which the most familiar and obvious is the 
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erection of barriers or dams across their channels, at points 
convenient for forming reservoirs large enough to retain the 
superfluous waters of great rains and thaws.* Besides the 
utility of such basins in preventing floods, the construction of 
them is recommended by very strong considerations, such as the 
furnishing of a constant supply of water for agricultural and 
mechanical purposes, and, also, their value as ponds for 
breeding and rearing fish, and, perhaps, for cultivating aquatic 
vegetables.^ 

The objections to the general adoption of the system of 
reservoirs aro these: the expense of their construction and 
maintenance; the reduction of cultivable area by the amount 
of surfaco they must cover; the interruption they would 
occasion to free communication; the probability that they 
would soon bo filled up with sediment, and the obvious fact 
that when full of earth, or even water, they would no longer 
servo their principal purpose; the great danger to which they 
would expose the country below them in case of the bursting 
of their barriera ; % the evil consequences they would occasion 
by prolonging tho flow of inundations in proportion as they 
diminished their height; the injurious effects it is supposed 
they would produce upon tho salubrity of tho neighboring 
districts; and, lastly, the alleged impossibility of constructing 
artificial basins sufficient in capacity to prevent, or in any con- 


* On the construction of temporary and raoro pormanont barriers to the 
currents of torrents and rivulets, see Makciiand, La Torrentt da Alpes , in 
Reeve da Eavx et Foret* for October and November, 1871. 

f In referonoe to the utilization of artificial as well as natural reservoirs, 
seo Ac kk un of, Die Nutruny der Tci'ihc and GewUser, Q uadi inburg, 1S09. 

t For ocoounts of damage from the bursting of resorvoirs, see Vall&b, 
Me mire *ut le* Reservoir* & Alimentation do* Canaux , Annals* da Font* et 
Chauaea , 1833, ler sdmestre, p. 201. 

The dam of the reservoir of Puentes in Spain, which was one hundred 
and sixty feet high, after having disoharged its functions for eleven years, 
burst, in 1802, in consequenoe of a defeot in its foundations, and the eruption 
of the wator destroyed or seriously injured eight hundred houses, and pro- 
duoed damage to the amount of more than a million dollars. —A yxard, 
Irrigation* da Midi ds V Europe, pp. 257-250. 
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6idcrablo measure to mitigate, the evils they are intended to 
guard against. 

The last argument is more easily reduced to a numerical 
question than the others. The mean and extreme annual pre¬ 
cipitation of all the basins where the construction of such 
works would be seriously proposed is already approximately 
known by meteorological tables, and the quantity of water, 
delivered by the greatest floods which have occurred within 
the memory of man, may be roughly estimated from their 
visible traces. From these elements, or from meteorological 
records, the capacity of the necessary reservoirs can be cal¬ 
culated. Let ns take the caso of the Ardeche. In tho inun¬ 
dation of 1S57, that river poured into the Rhone 1,305,000,000 
cubic yards of water in three days. If we suppose that half 
this quantity might have been suffered to flow down its chan¬ 
nel without inconvenience, wo shall have about 650,000,uu0 
cubic yards to provide for by reservoirs. Tho Ardeche and 
its principal affluent, the Chassezac, have, together, about 
twelve considerable tributaries rising near tho crest of the 
mountains which bound tho basin. If reservoirs of equal 
capacity were constructed upon all of them, each reservoir 
must bo able to contain 54,000,000 cubic yards, or, in other 
words, must be equal to a lake 3,000 yards long, 1,000 yards 
wide, and 18 yards deep, and besides, in order to render any 
effectual service, the reservoirs must all have been empty at 
the commencement of tho rains which produced the inun¬ 
dation. 

Thus far I have supposed tho swelling of tho waters to be 
uniform throughout tho whole basin ; but such was by no 
means tho fact in tho inundation of 1S57, for tho rise of tho 
Chassczac, which is as large as tho Ardeche proper, did not 
exceed tho limits of ordinary floods, and tho dangerous excess 
came solely from tho headwaters of tho latter stream. Ilenco 
reservoirs of double tho capacity I have supposed would have 
been necessary upon tho tributaries of that river, to prevent 
the injurious effects of the inundation. It is evident that the 
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construction of reservoirs of such magnitude for such a pur¬ 
pose is financially, if not physically, impracticable, and when 
wo take into account a point I have juBt suggested, namely, 
that the reservoirs must be empty at all times of apprehended 
flood, and, of course, their utility limited almost solely to the 
singlo object of preventing inundations, the total inapplicability 
of 6uch a measure in this particular case becomes still more 
glaringly manifest. 

Another not less conclusive fact is, that the valleys of all the 
upland tributaries of the Ardcche descend so rapidly, and have 
so little lateral expansion, as to render the construction of 
capacious reservoirs in them quite impracticable. Indeed, engi¬ 
neers have found but two points in the whole basin suitable for 
that purpose, and the reservoirs admissible at these would havo 
only a joint capacity of about 70,000,000 cubic yards, or less 
than one-ninth part of what I suppose to be required. The 
case of the Ardcche is no doubt an extreme one, both in the 
topographical character of its basin and in its exposure to 
excessive rains; but all destructive inundations aro, in a 
certain sense, extreme cases also, and this of the Ard&cho 
serves to show that tho construction of reservoirs is not by 
any means to bo regarded as a universal panacoa against 
floods. 

Nor, on tho other hand, is this measure to be summarily 
rejected. Nature has adopted it on a great scale, on both 
flanks of the Alps, and on a smaller, on thoso of tho Adiron- 
dacks and of many lower chains. Tho quantity of water which, 
in great rains or sudden thaws, rushes down the steep declivi¬ 
ties of tho Alps, is so vast that the channels of tho Swiss and 
Italian rivers would be totally incompetent to carry it off as 
rapidly as it would pour into them, were it not absorbed by tho 
capacious basins which nature has scooped out for its reception, 
freed from tho transported material which adds immensely both 
to tho volume and to the force of its current, and then, after 
some reduction by evaporation and infiltration, gradually dis¬ 
charged into the beds of the rivers. In the inundation of 1829, 



NATURAL BASINS OF RECEPTION. 


405 


the water discharged into Lake Como from the 15th to the 20th 
of September amounted to 2,600 cubic yards the second, while 
the outflow from the lake during the same period was only at 
the rate of about 1,050 cubic yards to the second. In those 
five days, then, the lake accumulated 670,000,000 cubic yards 
of superfluous water, and of course diminished by so much the 
quantity to be disposed of by the Po.* In the flood of October, 
186S, the surface of Lago JIaggiore was raised twenty-five 
feet above low-water mark in the course of a few hours, f 
There can be no doubt that without such detention of water by 
the Lakes Como, Maggiorc, Garda, and other subalpino basins, 
almost the whole of Lombardy would havo been irrecoverably 
desolated, or rather, its great plain would never havo become 
anything but a vast expanse of river-beds and marshos; for the 
annual floods would always havo prevented the possibility of its 
improvement by man.J 

Lake Bourgot in Savoy, once much more extensivo than it is 
at present, served, and indeed still serves, a similar purpose in 
the economy of nature. In a flood of the Rhone, in 1863, this 
lako received from the overflow of that river, which docs not 
pass through it, 72,000,000 cubic yards of water, and of course 
moderated, to that extent, tho effects of the inundation bclow.g 

In fact, tho alluvial plains which border tho course of most 
considerable streams, and arc overflowed in their inundations, 
cither by the rise of tho water to a higher level than that of thoir 
banks, or by tho bursting of their dikes, 6orvo as safety-valves 
for the oscapo of their superfluous waters. Tho current of tho 
Po, spreading over tho whole space between its widely sepa¬ 
rated embankments, takes up so much water in its inundations, 
that, whilo a little below tho outlet of tho Ticino tho discharge 


* Baird Smith, Italian Irrigation , i., p. 17C. 
f BoUcttino della Sockt <1 Gcog. Italia n a, iii,, p. 406. 

X See, as to the probable effects of certain proposed hydraulic works at the 
outlet of Lake Maggioro on tho action of tho lako os a regulating reservoir, 
Taoliaskcciik, NotUie sui Canali dcU? AUa Lombardia, Milano, 1800. 
g Elise&b Recluse, La Tom, 1., p. 400. 
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of the channel is sometimes not less than 10,500 cubic yards to 
the second, it has never exceeded 6,730 yards at Ponte Lago- 
scuro, near Ferrara. The currents of the Mississippi, the 
Phone, and of many other largo rivers, are modified in the 
same way. In the flood of 185S, the delivery of the Missis¬ 
sippi, a little below the mouth of tho Ohio, was 52,000 cubic 
yards to the second, but at Baton Rouge, though of course in¬ 
creased by the waters of the Arkansas, the Yazoo, and other 
smaller tributaries, 'the discharge was reduced to 46,760 cubic 
yards. We rarely err when wo cautiously imitate the processes 
of nature, and there aro doubtless many cases where artificial 
basins of reception and lateral expansions of river-beds might 
l>e employed with advantage. Many upland streams present 
points where none of the objections usually urged against arti¬ 
ficial reservoirs, except those of expense and of danger from 
the breaking of dams, could have any application. Reser¬ 
voirs may be so constructed as to retain the entire precipitation 
of tho heaviest thaws and rains, leaving only the ordinary quan¬ 
tity to flow along tho channel; they may be raised to such a 
height as only partially to obstruct the surface drainage; or 
they may be provided with sluices by means of which their 
whole contents can bo discharged in the dry season and a sum¬ 
mer crop be grown upon tho ground they cover at high water. 
The expediency of employing them and the mode of construc¬ 
tion depend on local conditions, and no rules of universal appli¬ 
cability can be laid down on the subject.* 

It is remarkable that nations which wo, in the inflated pride 
of our modern civilization, so generally regard as little less 
than barbarian, should have long preceded Christian Europe in 
the systematic employment of great artificial basins for tho 
various purposes they are calculated to subserve. Tho ancient 
Peruvians built strong walls, of excellent workmanship, across 

* The insufficiency of artificial baaing of reception os a means of averting 
the evils resulting from the floods of great rivers has been conclusively shown, 
in reference to a most important particular oase—that of the Mississippi—by 
Humphreys and Abbot, in their admirable monograph of that river. 
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the channels of the mountain sources of important streams, and 
the Arabs executed immense works of similar description, both 
in the great Arabian peninsula and in all the provinces of Spain 
which had the good fortune to fall under their 6way. The 
Spaniards of the fifteenth and sixteenth centuries, who, in many 
points of true civilization and culture, were far inferior to the 
races they subdued, wantonly destroyed these noble monuments 
of social and political wisdom, or suffered them to perish, be¬ 
cause they wore too ignorant to appreciate their value, or too 
unskilful as practical engineers to bo ablo to maintain them, 
and some of their most important territories were soon reduced 
to sterility and poverty in consequence. 

Diversion of Divers. 

Another method of preventing or diminishing the evils of 
inundation by torrents and mountain rivers, analogous to that 
employed for the drainage of lakes, consists in the permanent 
or occasional diversion of their surplus waters, or of their entire 
currents, from their natural courses, by tunnels or open chan¬ 
nels cut through their banks. Nature, in many cases, resorts 
to a similar process. Most great rivors divide themselves into 
several arms in their lower course, and enter tho sea by differ¬ 
ent mouths. There aro also cases where rivers send off lateral 
branches to convoy a part of their waters into tho channel of 
other streams.* Tho most remarkable of these is tho junction 
betwcon tho Amazon and tho Orinoco by tho natural canal of 
tho Cassiquiaro and tho Rio Negro. In India, tho Cambodja 
and tho Menam aro connected by tho Anain; tho Saluon and 
tho Irawaddi by tho Panlaun. Thcro aro similar examples, 

* Sorao geographical writers apply tho torra bifurcation cxclumvoly to this 
intercommunication of rivors; others, with moro etymological propriety, use 
it to express tho division of great rivors into branches at tho hood of their 
deltas. A technical word is wanting to designato tho phenomenon mentioned 
in the text, and there is no valid objootioa to tho employment of the anatomi¬ 
cal term anattomotis for this purpose. 

32 
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though on a much smaller scale, in Europe. The Tomc& and tlio 
Calix rivers in Lapland communicate by the Tarando, and in 
Westphalia, the Else, an arm of the Haase, falls into the Weser.* 

The change of bed in rivers by gradual erosion of their 
banks is familiar to all, but instances of the sudden abandon¬ 
ment of a primitive channel are by no meaus wanting. At a 
period of unknown antiquity, the ArdJkihe pierced a tunnel 200 
feet wide and 100 high, tlirough a rock, and sent its whole cur¬ 
rent through it, deserting its former bed, which gradually filled 
up, though its course remained traceable. In the great inun¬ 
dation of 1327, the tunnel proved insufficient for the discharge 
of the water, and the river burst through*the obstructions which 
had now choked up its ancient channel, and resumed its original 
couimf 

It was probably such facts as these that suggested to ancient 
engineers the possibility of like artificial operations, and there 
are numerous instances of the execution of works for this pur¬ 
pose in very remote ages. The Balir Jusof, the great stream 
which supplies the Fayoum with water from the Nile, has been 
supposed,by some writers, to bo a natural channel; but both it 
and the Bahr el Wady are almost certainly artificial canals con- 

* The division of the currents of riversi as a means of preventing the over¬ 
flow of their banks, is by no means a remedy capable of general application, 
even when local conditions are favorablo to the construction of an emissary. 
The velocity of a stream, and consequently its delivexy in a given time, are 
frequently diminished in proportion to the diminution of tho volume by 
diversion; and on the other hand, the increase of volume by tho admission of 
a new tributary increases proportionally the velocity and the quantity of water 
delivered. Emissaries may, nevertheless, often be useful in carrying off water 
whioh bos already escaped from the ohannel and which would otherwise 
beoome stagnant and prevent further lateral discharge from the main current, 
and it is upon this prinoiple that Humphreys and Abbot think a canal of diver¬ 
sion at Lake Providence might be advisable. Emissaries serve an important 
purpose in the lower course of rivers where the bed is nearly a dead lovel and 
the water moves from previously aoquired momentum and the pressure of the 
current above, rather than by the force of gravitation, and it is, in general, 
only under suoh ciroumitanoes, m for example In the deltas at the mouths of 
great rivers, that nature employs them. 

t Maudiqnt, Mtmeiri #ur U$ Inondationt de VArdkK^ p. 13* 
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stracted to water that basin, to regulate tlio level of Lake 
Mocris, and possibly, also, to diminish the dangers resulting 
from excessive inundations of the Nile, by serving as waste-weirs 
to discharge a part of its overflowing waters.* Several of tho 
seven ancient mouths of tho Nile are believed to be artificial 
channels, and Herodotus even asserts that King Mcncs divertod 
the entire course of that river from the Libyan to tho Arabian 
side of the valley. There are traces of an ancient river-bed 
along the western mountains, which give some countenance to 
this statement. But it is much more probable that the works 
of Menes were designed rather to prevent a natural, than to 
produce an artificial, change in the channel of tho river. 

Two of tho most celebrated cascades in Europe, those of tho 
Tcvcrono at Tivoli and of tho Velino at Tcrni, owe, if not their 
existence, at least their position and character, to the diversion 
of their waters from their natural beds into new channels, in 
order to obviate tho evils produced by their frequent floods. 
Remarkable works of tho same sort have been executed in 
Switzerland, in very recent times. Until the year 1714, the 
Kandcr, which drains several largo Alpine valleys, ran, for a 
considerable distance, parallel with the Lake of Thun, and a 
few miles below tho city of that name emptied into the river 
Aar. It frequently flooded the fiats along the lower part of its 
course, and it was determined to divort it into tho Lake of Thun. 
For this purpose, two parallel tunnels were cut through tho in¬ 
tervening rock, and tho river turned into them. Tho violence 
of the current burst up the roof of tho tunnels, and, in a very 
short time, wore the new channel down not less than one hun¬ 
dred feet, and evon deepened the former bed at least fifty feet, 
for a distance of two or three miles above tho tunnel. The 
lake was two hundred feet deep at the point where tho river 
was conducted into it, but tho gravel and sand carried down by 

* The starting-points of these finals were far up tuo Nile, and of course at a 
comparatively high level, and it is probable that they received water only 
during the inundation. Linant Bey calculates the capacity of Lake Moeris at 
8,686,007 cubio yards and the water received by it at high Kile at 465 cubic 
yards the seoond. 




500 


GLACIER LAKES. 


the Kander has formed at its month a delta containing more 
than a hundred acres, which is still advancing at the rate of 
several yards a year. The Linth, which formerly sent its 
waters directly to the Lake of Zurich, and often produced very 
destructive inundations, was turned into the Wallensee about 
fifty years ago, and in both these cases a great quantity of 
valuable land was rescued both from flood and from insalubrity. 

Glacier Lakes . 

In Switzerland, the most terrible inundations often result 
from the damming up of deep valleys by ice-slips or by the 
gradual advance of glaciers, and the accumulation of great 
masses of water above the obstructions. The ice is finally dis¬ 
solved by the heat of summer or the flow of warm waters, and 
when it bursts, the lake formed above is discharged almost in 
an instant, and all below is swept down to certain destruction. 
In 1595, about a hundred and fifty lives and a great amount of 
property were lost by the eruption of a lake formed by the 
descent of a glacier into the valley of the Drance, and a similar 
calamity laid waste a considerable extent of soil in tho year 
1818. On this latter occasion, tho barrier of ice and 6now was 
3,000 feet long, 000 thick, and 400 high, and the lake which 
had formed above it contained not less than 800,000,000 cubic 
feet A tunnel was driven through the ice, and about 300,000- 
000 cubic feet of water safely drawn off by it, but the thawing 
of the walls of the tunnel rapidly enlarged it, and before the 
lake was half drained, the barrier gave way and the remaining 
500,000,000 cubic feet of water were discharged in half an 
hour. The recurrence of these floods has since been prevented 
by directing streams of water, wanned by the sun, upon the ice 
in the bed of the valley, and thus thawing it before it accumu¬ 
lates in sufficient mass to form a new barrier and threaten seri¬ 
ous danger.* 

* In 1845 a similar lake was formed by the extension of the Vernagt glacier. 
When the ioe barrier gore way, 8,000,000 oabio yards of water were discharged 
In an hour.— Sonklar, Die OeUthnler Gebirgegruppe, § 107. 
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In tlio cases of diversion of streams above mentioned, impor¬ 
tant geographical changes have been directly produced by 
those operations. By the rarer process of draining glacier 
lakes, natural eruptions of water, which would have occasioned 
not less important changes in the face of the earth, have been 
prevented by human agency. 

liiver Embankments. 

The most obvious and doubtless earliest method of prevent¬ 
ing the escape of river-waters from their natural channels, and 
the overflow of fields and towns by their spread, is that of 
raised embankments along their course.* The necessity of such 
embankments usually arises from the gradual elevation of the 
bed of running streams in consequence of the deposit of the 
earth and gravel they are charged with in high water; and, as 
we have seen, this elevation is rapidly accelerated when the 
highlands around the headwaters of rivers are cleared of their 
forests. When a river is embanked at a given point, and, con- 


* Itiporian embankments are a real, if not a conscious, imitation of a natural 
process. The waters of rivers which flow down planes of gontlo inclination 
deposit, in their inundations, tho largest proportion of their sodimont os soon 
as, by overflowing their bonks, they escape from tho swift current of the channel. 
The immodinte borders of such rivers consequently become highor than tho 
grounds lying further from the stream, and constitute, of themselves, a sort of 
natural dike of small elevation. In the “intervales”or “bottoms” of the 
great North American rivors the aUuviol banks aro elevatod and dry, tho flats 
more remoto from the river lower and swampy. This is generally obscrvablo in 
Egypt (sco Fig am Bey, Studi Scieatijici sulC Eyitto, i, p. 87), though less so 
than in tho valley of tho Mississippi, whoro the alluvial banks form naturtd 
glacis, dcsconding os you reccdo from the river, and in some plaoos, as below 
Capo Girardeau, at tho rate of seven feet in tho first niilo.— Huxirau&YS and 
Auhot, llcporty pp. 00, 07. 

In fact, rivers, like mountain torrents, often run for a long distance on tho 
summit of a ridge built up by their own deposits. Tho delta of the Missis¬ 
sippi is a regular cone, or rather mountain, of dejection, extending for out 
into the Gulf of Mexico, along tho orest of which tho river flows, sending oil 
here and there, os it approaches the sea, a system of lateral streams resombliug 
the fan-shaped discharge of a torrent 
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sequently, the water of its floods, which would othorwiso 
spread over a wide surface, is confined within narrow limits, 
the velocity of the current and its transporting power are aug¬ 
mented, and its burden of sand and gravel is deposited at some 
lower point, where the rapidity of its flow is checked by a dam 
or other artificial obstruction, by a diminution in the inclina¬ 
tion of the bed, by a wider channel, or finally by a lacustrine or 
marine basin which receives its waters. Wherever it lets fall 
solid material, its channel is raised in consequence, and the de¬ 
clivity of the whole bed between the head of the embankment 
and the slack of the stream is reduced. Hence the current, at 
first accelerated by confinement, is afterwards checked by the 
mechanical resistance of the matter deposited, and by tho 
diminished inclination of its channel, and then begins again to 
let fall tho earth it holds in suspension, and to raiso its bed at 
the point where its overflow had been before prevented by em¬ 
bankment.* Tho bank must now be raised in proportion, and 

* In proportion os tho dikes are improved, and breaches and the escape of 
the water through them are less frequent, the height of the annual inundations 
is increased. Some towns on the banks of the Po, and of course within the 
system of parallel embankments, were formerly socure from flood by the height 
of the artificial mounds on whioh thoy wore built; but they have recently been 
obliged to construot ring-dikes for their protection. 

Lombardini lays down the following general statement of the effects of river 
embankments» 

“ The immediate effect of embanking a river is generaUy an inorease in tho 
height of its floods, but, at the same time, a depression of its bed, by reason of 
the increased force, and consequently exoavating notion, of the current. 

44 It is true that ooarser material may hence be oarried further, and at the 
same time deposit itself on a reduced slope. 

4 * The embankment of the upper branches of a river increases the volumo, 
and therefore tho height of the floods in the lower oourse, in oonsequenoe of 
the more rapid discharge of its affluents into it. 

“When, in consequence of the flow of a river channol through an aUuvinl 
soil not yet regulated , or, in other words, which has not acquired its normal 
inclination, the oourse of the river has not become established, it is natural 
that its bed should rise more rapidly after its embankment. • • 

44 The embankment of the lower oourse of a river, near its discharge into the 
sea, oauaes the elevation of the bed of the next reach above, both because the 
swelling of the ourrent, in oonsequenoe of its lateral confinement, oooasions 
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those processes would bo ropoated and repeated indefinitely, 
had not nature provided a remedy in floods, which sweep out 
recent deposits, burst the bonds of the river and overwhelm the 
adjacent country with final desolation, or divert the current into 
a new channel, destined to become, in its turn, the scene of a 
similar struggle between man and tho waters.* 

But here, as in so many other fields where nature is brought 
into conflict with man, she first resists his attempts at inter¬ 
ference with her operations, then, finding him the stronger, 
quietly submits to his rule, and ends by contributing her aid to 
strengthen the walls and shackles by which ho essays to confine 
her. If, by assiduous repair of his dikes, ho, for a considerable 
time, restrains the floods of a river within now bounds, na¬ 
ture, by a series of ingenious compensations, brings the fluc¬ 
tuating bed of the stream to a substantially constant level, and 


eddies, and of course deposits, and because the prolongation of the oourse of 
tbo stream, or the advauco of its delta into the Bea, is accelerated .' 1 —Dei conyi* 
amenti ciu eoyyiacque Vidraulicu condizione del Po y etc., pp. 41, 43. 

Dol Noco states that in tho levellings for tho proposed Lcopolda railway, he 
found that the bod of the Siouo had boon pormanontly elevated two yard** bo- 
tweon 1708 and 1844, and that of the Fosso di San Gaudonzio moro than a 
yard and a half between 1753 and 18-15. Those, indeed, are not riven of the 
rank of tho Po; but neithor aro tboy what are technically callod torrents or 
mountain streams, whoso flow is only an occasional effect of heavy rains or 
molting snow.— Trattato dcUe Macchie c Furcate di Tuecana , Firouzo, 1857, p. 
20 . 

* The Noang-ho has repeatedly burst its dikes and changed the channel of 
its lower oourse, sometimes delivering its waters into tho sea to tho north, 
sometimes to tho south of tho peninsula of Chan-tung, thus varying its point of 
discharge by a distance of 230 milos.— Eushu Rcclus, La Terre^ t. L, p. 477. 

See interesting noticos of the lower oourse of tho Noang-ho in Nature, Nov. 
25, 1800. 

Tho froquent changes of ohannel and mouth in tho deltas of great rivers ore 
by no means always an effect of diking. Tho mere accumulation of deposits 
in tho beds of rivers which transport much sediment compels them continually 
to scok now outlets, and it is only by great effort that art cankoep their points 
of discharge approximately constant. Tho common delta of the Ganges and 
the Brahmapootra is in a state of incessant chango, and the latter river is said 
to have shifted its main ohannel 200 miles to tho west sinoo 1785, the revolu¬ 
tion having boon principally aooomplishod between 1810 and 1880. 
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when his ramparts have been, by his toil, raised to a certain 
height and widoned to a certain thickness, she, by her laws of 
gravitation and cohesion, consolidates their material until it be¬ 
comes almost as hard, as indissoluble, and as impervious as the 
rock. 

But, though man may press the forces of nature into his 
service, there is a limit to the extent of liis dominion over 
them, and unless future generations shall discover new modes 
of controlling those forces, or new remedies against their 
action, ho must at last succumb in the struggle. When the 
marine estuaries and other basins of roception shall be filled up 
with the sedimentary d6bris of the mountains, or when the 
lower course of the rivers shall be raised or prolonged by their 
own deposits until they have, no longer, such a descent that 
gravitation and the momentum of the current can overcome 
the frictional resistance of the bod and banks, the water will, 
in spite of all obstacles, diffuse itself laterally and for a time 
raise the level of the champaign land upon its borders, and at 
last convert it into morasses. It is for this reason that Lombar- 
dini advises that a considerable space along the lower course of 
rivers be loft undikod, and the water allowed to spread itself 
over its banks and gradually raise them by its deposits.* 
This would, indeed, be a palliative, but only a palliativo. For 
the present, howevor, we have nothing better, and here, as 
often in political economy, wo must content ourselves with 
“ aprds nous lo ddlugo,” allowing posterity to suffer the penalty 
of our improvidence and our ignorance, or to devise means for 
itself to ward off the consequences of them. 

The deposit of slime by rivers upon the fiats along their 
banks not only contributes greatly to tho fertility of the soil 
thus flowed, but it subserves a still more important purpose in 
the general economy of nature. All running streams begin 
with excavating channels for themselves, or deepening the 

* This method has been adopted on the lower ooozee of the Lamone, and a 
considerable extent of low ground adjaoent to that river has been raised by 
spontaneous deposit to a sufficient height to admit of profitable cultivation. 
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natural depressions in which they flow ;* but in proportion as 
their outlets are raised by the solid material transported by 
their currents, their velocity is diminished, they deposit gravel 
and sand at constantly higher and higher points, and so at last 
elevate, in the middle and lower part of their course, the beds 
they had previously scooped out.f The raising of the channels 

♦ I do not mean to Bay that aU rivers excavato their own valleys, for 1 
havo no doubt that in tho majority of cases such deprossions of tho surface 
originate in higher goological causes, such os tho fissures and other irregu¬ 
larities of surfaco which could not fail to accompany upheaval, and hence the 
valley makes the river, not tho river tho valloy. But oven if wo supposo a 
basin of the hardest rook to be elevatod at onco, oomplotoly formed, from 
tho submarine abyss whero it was fashioned, tho first shower of rain that 
falls upon it, aftor it risos to tho air, will discharge its waters along tho 
lowest liues of tho surface, and out thoso lines deoper, and so on with overy 
successive rain. Tho disintegrated rook from tho uppor part of tho basin 
forms tho lower by alluvial doposit, which is constantly transported further 
and farther until tho resistance of gravitation and cohesion bulancos the 
mechanical forco of the running water. Thus plains, more or less stcoply 
inclined, are formed, in which tho river is constantly changing its bed, accord¬ 
ing to the perpetually varying forco and direction of its currents, mollified 
as they are by ever-fluctuating conditions. Thus tho Po is said to havo long 
inclined to move its channel southwards, at certain points, in consequence 
of the mechanical foroo of its northern afilucuts. A diversion of thoso trib¬ 
utaries from thoir present beds, so that they should cuter tbo main stream at 
other points and in diiforent directions, might modify tho wholo courso of that 
groat river. But tho mechanical forco of tho tributary is not tho only eloment 
of its influence on tho courso of tho principal stream. Tho do)K>Nits it lodges 
in tho bed of tho latter, noting as slmplo obstruction# or causes of diversion, aro 
not less important agents of ebango. 

f Tho dist&nco to which a now obstruction to tho flow of a river, whether 
by a dam or by a deposit in its channel, will retard its current, or, in popular 
phrase, “ sot back tho water,'* is a problom of rnoro difficult practical solution 
than almost any othorin hydraulics. Tho elements—such ns straightness or 
crookedness of channel, character of bottom and banks, volume and provlous 
velocity of current, mass of water far above tho obstruction, extraordinary 
drought or humidity of soasons, rolativo extent to which tho river may bo 
affected by tho precipitation in its own basin, and by supplies received 
through subterranean.channels from sources so distant as to bo oxposod to 
VQTy different meteorological influences, effects of clearing and othor im¬ 
provements always going on in now countrios—are all extremely difficult, and 
Bomo of them impossible, to be known and measured. In tho American 
States, voxy numerous water-mills havo boon erected within a few years, and 
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is compensated in part by the simultaneous elevation of their 
banks and the flats adjoining them, from the deposit of the 
finer particles of earth and vegetable mould brought down 
from the mountains, without which elevation the low grounds 
bordering all rivors would be, as in many cases they in fact 
are, mere morasses. 

All arrangements which tend to obstruct this process of 
raising the fiats adjacent to the channel, whether consisting in 
dikes which confine the waters, and, at the same time, augment 
the velocity of the current, or in other means of producing the 
last-mentioned effect, interfere with the restorative economy of 
nature, and at last occasion the formation of marshes where, if 
left to herself, she might have accumulated inexhaustible stores 
of the richest soil, and spread them out in plains above the reach 
of ordinary floods.* 

Dikes, which, as we have seen, are the means most frequently 
employed to prevent damage by inundation, are generally 
parallel to each other and separated by a distance not very much 
greater than the natural width of the bed.f If such walls are 

there la scarcely a stream in the settled portion of the country which has not 
several mill-dams upon it. When a dam is raised—a process whioh the grad¬ 
ual diminution of the summer currents renders frequently neoessary — or 
when a new dam is built, it often happens that the meadows above are flowed, 
or that the retardation of the stream extends back to the dam next above. 
This leads to frequent law-suits. From the great uncertainty of the facts, 
the testimony is more conflicting in these than in any other class of oases, 
and the obstinacy with whioh 14 water causes" are disputed has become 
proverbial. 

* The sediment of the Po has fillod up some lagoons and swamps in its 
delta, and converted them into comparatively dry land; but, on tho other 
hand, the retardation of tho curront from the lengthening of its course, and 
the diminution of its velooity by the deposits at its mouth, have forced its 
waters at some higher points to spread in spite of embankments, and thus 
fertile fields have been turned into unhealthy and unproductive marshes.— 
See Botter, Sulla oondizione dci Tcweni Marmmani nel Ferraras. Annuli 
di Agricultural etc., Faso, v., 1808. 

f In the oase of rivers flowing through wide aUuvial plains and much in* 
olined to shift their beds, like the Po, the embankments often leave a very 
wide spooe between them. The dikes of the Po are sometimes three or four 
miles apart 
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high enough to confine tho water and strong enough to resist 
its pressure, they secure the lands behind them from all the 
evils of inundation except those resulting from filtration; but 
such ramparts are enormously costly in original construction 
and in maintenance, and, as has been already shown, tho filling 
up of the bed of tho river in its lower course, by sand and 
gravel, often involves tho necessity of incurring new oxpondi- 
turcs in increasing tho height of tho banks. # Tlioy are 


* It appears from tbo investigations of Lombardini that tho r&to of Nova¬ 
tion of the bod of tho Po has boon much exaggerated by oa.*lior writors, and 
in some parts of its course tho chango is eo Nov/ that its lcvol may ho re¬ 
garded as nearly constant. Obsorvutiou h:u> established a similar constancy 
in tho bed of tbo Rhono and of many other important rivers, whilo, on tho 
other hand, tho beds of tho Adigo and tho Brcnla, stroar aa of a more torren¬ 
tial character, are raised considerably above tho lovcl of tho adjacont Holds. 

Tho length of the lower coutbo of tho Po having been considerably in¬ 
creased by the filling up of the Adriatio with itj deposits, tho velocity of tho 
current ought, facie , to havo been diminished and its bod raisod in 

proportion. Thoro are abundant grounds for behoving that this has hap¬ 
pened in the caso of tho Nilo, and ono reason why tho samo cffoct has not 
been more sensibly perceptible in tho Po is, that tho confinomont of tho 
current by continuous embankments gives it a high-wator velocity sufficient 
to swoop out deposits let fall at lower stages and slowor movements of tho 
water. Torrential streams tend to excavate or to raiso their beds according 
to tho inclination, and to tho character of tho material they transport. 
No general law on this point con bo laid down in relation to tho middlo and 
lower courses of rivers. Tho conditions which determino tho question of tho 
depression or Novation of a rivor-bed aro too multifarious, variublo, and 
complex, to bo subjected to formula), and they can scarcoly oven bo onu- 
moratod. 

Tho following observation, however, though apparently too unconditionally 
stated, is too important to bo omitted. 

Rivers which transport Band, gravel, pebbles, heavy mineral mattor in shovt, 
tend to raiso their own beds ; those charged only with fiuo, light earth, to cut 
them deeper. Tho prairio rivers of tho wc&tem United States havo doop 
channels, because the mineral matter they carry down is not heavy enough 
to resist tho impul&o of oven a modcrato curront. and thobo tributaries of 
tho Po which deposit their sodiment in tho lakes—tho Ticino, tho Adda, the 
Oglio, and the Mincio— flow in docp cuts, for tho 6aino reason.— Bauugar- 
TEN, p. 132. 

In regard to tho levN of the bed of tho Po, there is another weighty con¬ 
sideration which docs not soom to have rocolvod tho attention it doservoa. I 
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attended, too, with some collateral disadvantages. They deprive 
the earth of the fertilizing deposits of the waters, which are 
powerful natural restoratives of 6oils exhausted by cultivation; 
they accelerate the rapidity and transporting power of the cur¬ 
rent at high water by confining it to a narrower channel, and it 
consequently conveys to the sea the earthy matter it holds in 
suspension, and chokes up harbors with a deposit which it 
would otherwise have spread over a wider surface; they in¬ 
terfere with roads and the convenience of river navigation, and 
no amount of cost or care can secure them from occasional 
rupture, in case of which the rush of the waters through the 
breach is more destructive than the natural flow of the highest 
inundation.* 

For these reasons, many experienced engineers are of opinion 


refer to the secular depression of the western ooast of the Adriatic, which is 
computed at the rate of fifteen or twenty centimetres in a century, and which 
of course increases the inclination of the bed, and the velocity and trans¬ 
porting power of tho current of the Po, unless we assume that the whole 
course of tho river, from the sea to its sourcos, shares in the depression. Of 
this assumption there is no proof, and tho probability is to the contrary. 
For the evidence, though not conclusive, perhaps, tends to show an eleva¬ 
tion of tho Tuscan coast, and even of the Ligurian shore at points lying farther 
west than tho sources of tho Po. The level of certain parts of tho bed of 
the river referred to by Lombardini as oonstant, is not their elevation as com¬ 
pared with points nearer the sea, but relatively to the adjacent plains, and 
there is every reason to bolievo that the depression of the Adriatic coast, 
whether, as is conceivable, occasioned by the mere weight of the fluviatile 
deposits or by more general geological causes, has incroased tho slope of the 
bed of tho river between the points in question and the sea. In this instance, 
then, the relative permanency of tho river level at certain points may be, not 
tho ordinary case of a natural equilibrium, but the negative effect of an in¬ 
creased velocity of current which prevents deposits where they would other¬ 
wise have happened. 

* To secure the oity of Sacrainonto, in California, from tho inundations to 
which it is subject, a dike or lovfo was built upon tho bank of tho river and 
raised toon elevation above that of the highest knoun floods, and it was 
connected, below the town, with grounds lying considerably above tho river. 
On one occasion a breach in the dike oocurred above the town at a very high 
stage of the flood. The water poured in behind it, and overflowed the lower 
part of tho city, which remained submerged for some time after the river had 
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that the system of longitudinal dikes is fundamentally wrong, 
and it has been argued that if tho Po, tho Adigo, and tho Bren- 
ta had been left unconfined, as the Xilo formerly was, and 
allowed to spread their muddy watero at will, according to tho 
laws of nature, tho sediment they have carried to tho coast 
would have been chiefly distributed over tho plains of Lombar¬ 
dy. Their banks, it is supposed, would have risen as fast as 
their beds, tho coast-lino would not have been extended 60 far 
into tho Adriatic, and, the current of tho streams being conse¬ 
quently shorter, the inclination of thcirchannel and the rapidity 
of their flow would not have been 60 greatly diminished. Had 

retired to its ordinary level, because the diko, which hod been built to keep 
tho water out, now kept it in. 

According to Arthur Young, on the lower Po, whero tho surfaco of tho 
river at high water has been elevated considerably above tho lovcl of tho ad¬ 
jacent fields by diking, tho peasants in his time frequently cadcavorod to socure 
their grounds against threatened devastation through tho bursting of tho 
dike3, by crossing the rivor when tho danger bocamo imminent and opening 
a cut in tho opposito bank, thus saving their own proporty by flooding thf'ir 
neighbors'. Ho adds, that at high water the navigation of tho river was abso¬ 
lutely interdicted, except to mail and passenger boats, and that tho guards 
fired upon all others; tho object of tho prohibition being to provont tho 
peasants from resorting to this mcaauro of self-defence .—Travels in Italy 
and Spam, Nov. 7, 1739. 

In a flood of the Po in 1839, a breach of the embankment took plaoo at 
Bonizzo. Tho wator poured through and inundated 110,000 acres, or 181 
oquaro miles, of tho plain to tho depth of from twenty to twenty-threo foot, in 
tho lower parts. Tho inundation of May, 1872, a great breach occurred in tho 
diko near Forrara, and 170,000 acres of cultivated land wore overflowed, and a 
population of 30,COO souls driven from their hemes. In tho flood of October 
in the samo year, in ccnscquonoo of a breach of tho diko at Itovero, 250,000 
acres of cultivated soil were overflowed, and 00,000 persons were mado 
homolcss. Tho dikes wero soriously injured at moro than forty points. 
See page 279, an te. In tho flood of 1850, the Loire mado soventy-threo breaches 
in its dikes, and thuB, instoad of a comparatively gradual rise and gontlo 
expansion of its waters, it created soventy-threo impetuous torrents, which 
inflicted infinitely greater mischief than a simply natural overflow would 
havo done. Tho dikes or levees of tho Mississippi, being of moro rcoent con¬ 
struction than those of the Po, are not yot well consolidated and fortified, and 
for this reason crevasses which occasion destructive inundations are of very 
frequent occurrenoo. 
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man, too, spared a reasonable proportion o£ the forests of the 
Alps, and not attempted to control the natural drainage of the 
surface, tho Po, it has been said, would resemble the Nile in all 
its essential characteristics, and, in spite of tho difference of 
climate, perhaps be regarded as tho friend and ally, not tho 
enemy and tho invader, of the population which dwells upon 
its banks. 

But it has been shown by Ilumphroys and Abbot that tho 
system of longitudinal dikes is the only one susceptible of ad¬ 
vantageous application to the Mississippi, and if wo knew tho 
primitive geography and hydrography of the basin of tho Po as 
well as wo do those of the valley of the great American river, 
we should very probably find that tho condemnation of tho 
plan pursued by the ancient inhabitants of Lombardy is a 
too hasty generalization, and that tho case of tho Nile is an 
exception, not au example of the normal regime and condition 
of a great river.* 

But in any event, these theoretical objections are counsels 
aprea coup . The dikes of the Po and probably of some of its 
tributaries wero begun before wo have any trustworthy physical 
or political annals of the provinces they water. The civilization 
of tho valley has accommodated itself to these arrangements, 

* Embankmonts have boen employed on tho lowor course of tho l’o for at 
least two thousand years, and for some centuries they have been connected in 
a continuous chain from tho sea to tho vicinity of Cromona. From early ages 
tho Italian hydrographors havo stood in tho front rank of their profession, and 
tho Italian literature of this branch of material improvement is exceedingly 
voluminous, exhaustive, and complete. 

“ Tho science of rivors after tho barbarous ages,’* says Mcngotti, l( may bo 
said to have been bom and perfeotod in Italy." The eminent Italian ongincor 
Lombardini published in 1870, unde* the title of Guida alio studio ddC idrolo- 
gia fluvial* e ddT Jdraulica pratica y whioh serves both as a summary of tho 
reoont progress of that soionoe and as an indox to the litorature of tho subject. 
The professional student, therefore, as well as the geographer, will have very 
frequent oooasion to oonsult Italian authorities, and in tho vory valuablo Re¬ 
port of Humphreys and Abbot on the Mississippi, America has latoly mode a 
contribution to our potamologioal knowledge, whioh, in scientific intorest and 
praotionl utility, does not fall short of the ablest European productions in the 
same branch of inquiry. 
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and tho interests which might ho sacrificed by a change of 
system are too vast to be hazarded by what, in tho present 6tato 
of our knowledge, can be only considered as a doubtful exper¬ 
iment.* 

The embankments of tho Po, though they aro of vast extent 
and have employed centuries in their construction, aro inferior 
in magnitude to the dikes or levdes of the Mississippi, which aro 
the work of scarcely a hundred years, and of a comparatively 
sparse population. On the right or western bank of the river, 
the levee extends, with only occasional interruptions from high 
bluffs and tho mouths of rivers, for a distance of more tliau 
eleven hundred miles. Tho left bank is, in general, higher than 
the right, and upon that side a continuous embankment is not 
needed; but tho total length of tho dikes of tho Mississippi, 
including those of the lower course of its tributaries and of its 
bayous or natural emissaries, is not less than 2,500 miles. They 
constitute, therefore, not only one of tho greatest material 
achievements of the American people, but one of tho most 
remarkable systems of physical improvement which has been 
anywhere accomplished in modern times. 

Those who condemn the system of longitudinal embankments 
have often advised that, in cases where that system cannot 
bo abandoned without involving too great a sacrifice of exist¬ 
ing interests, the elevation of the dikes should bo much re¬ 
duced, so as to present no obstruction to tho lateral spread of 
extraordinary floods, and that they should bo provided with 
sluices to admit tho water without violcnco whenever they aro 
likely to bo overflowed. Where dikes have not been erected, or 
where they have been reduced in height, it is proposed to con¬ 
struct, at convenient intervals, transverse embankments of mod- 


* Dupoucliel advised a resort to tho M hcroio remedy” of sacrificing, or con¬ 
verting into collars, the lowor storeys of houses in cities exposed to rivor inun¬ 
dation, filling 1 up tho streets, and admitting tho water of floods frocly ovor the 
adjacent country, and thus allowing it to raiso tho level of tho soil to that of the 
highest inundations.— Traiti < fllydrauliqua at da Giotogia AgricoUa. Pane, 
1808, p. 241. 
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orato height running from the banks of the river across the 
plains to the hills which bound them. These measures, it is 
argued, will diminish the violence of inundations by permitting 
the waters to extend themselves over a greater surface, and by 
thus retarding the flow of the river currents, will, at the same 
time, secure the deposit of fertilizing slime upon all the soil 
covered by the flood.* 

Rozot, an eminent French engineer, has proposed a method 
of diminishing the ravages of inundations, which aims to com¬ 
bine the advantages of all other systems, and at the samo timo 
to obviato tho objections to which they are all more or less 
liable, f Tho plan of Rozet is recommended by its simplicity 
and cheapness as well as its facility and rapidity of execution, 
and is looked upon with favor by many persons very compe¬ 
tent to judge in such mattors. It is, however, by no means ca- 
pablo of universal application, though it would often doubtless 
prove highly useful in connection with the measures now em¬ 
ployed in South-eastern Franco. lie proposes to commence with 
the amphitheatres in which mountain torrents so often rise, by 
covering their slopes and filling their beds with loose blocks of 
rock, and by constructing at their outlets, and at other narrow 
points in the channels of tho torrents, permeable barriers of the 
same material promiscuously heaped up, much according to 
the method employed by the ancient Romans in their northern 
provinces for a similar purpose. By this means, ho supposes, 
tho rapidity of the current would be checked, and tho quantity 
of transported pebbles and gravel—which, by increasing the 
mechanical forco of the water, greatly aggravate tho damage 
by floods—much diminished. When the stream has reached 
that part of its course whero it is bordered by soil capable of 
cultivation, and worth the expense of protection, he proposes 

* The system described in the text is substantially the Egyptian method, the 
ancient Nile dikes having been oonstraoted rather to retain than to exclude 
the water. 

f Moyene de forcer Us Torrent$ de rendre une partis du sol gu'ds ravagent , 
st d?smpcohsr lcs grandee Inondations* 
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to placo along ono or both banks, according to circumstances, a 
lino of cubical blocks of stone or pillars of masonry three or 
four feet high and wide, and at the distance of about eleven 
yards from each other. The space between the two lines, or 
between a line and the opposite high bank, would, of course, 
bo determined by observation of the width of the swift-water 
current at high floods. As an auxiliary mcasuro, small ditches 
and banks, or low walls of pebbles, should bo constructed from 
the line of blocks acioss tho grounds to bo protected, nearly at 
right angles to tho current, but slightly inclining downwards, 
and at convoniont distances from each other, Ilozofc thinks the 
proper interval would bo 300 yards, and it is ovident that, if ho 
is right in his main principle, hedges, rows of trees, or ovou 
common fences, would in many cases answer as good a pnrposo 
as banks and trenches or low walls. Tho blocks or pillars of 
stone would, ho contends, check the lateral currents so as to 
compel them to let fall all their pebbles and gravel in tho main 
channel—where they would bo rolled along until ground down 
to sand or silt—and tho transverso obstructions would dotain 
tho water upon the soil long enough to secure tho deposit of its 
fertilizing slime. Numerous facts are cited in support of the 
author’s views, and I imagine there are few residents of rural 
districts whoso own observation will not furnish testimony con¬ 
firmatory of their soundness.* 


* Tho effect of trees and other detached obstructions in checking tho don* 
of water to particularly noticed by Paltosy in his essay on Water* and Foun¬ 
tains, p. 173, edition of 1344. “Thero bo,” says ho, 44 in divers parts of 
Franco, and specially at Xante*, wooden bridges, where, to brook the force of 
the waters and of tho floating ice, which might endamago tho piers of tho 
said bridges, they have driven upright timber* into tho bed of tho rivers above 
tho said piers, without tho which they should abido but littlo. And in lik« 
wise, the treos which bo planted along tho mountains do much doadon tho 
violence of the waters that flow from thorn.” 

Lombardia! attaches great importanco to the planting of rows of trees trans¬ 
versely to the current on grounds subject to ovorflow.— Esame dtgli StiuU sul 
Titan, § 53, and Appsndiu, g§ 33, 34, 

33 
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Removal of Obstructions. 

The removal of obstructions in the beds of rivers by dredging 
the bottom or blasting rocks, the washing out of deposits and 
locally increasing tho depth of water by narrowing the channel 
by means of spurs or other constructions projecting from tho 
banks, and, finally, the cutting off of bends and thus shortening 
the course of tho stream, diminishing the resistance of its shores 
and bottom and giving the bed a more rapid declivity, have 
all been employed not only to facilitate navigation, but as 
auxiliaries to more effectual modes of preventing inundations. 
]>ut a bar removed from one point is almost sure to re-form at 
the same or another, spurs occasion injurious eddies and unfore¬ 
seen diversions of tho current,* and tho cutting off of bends, 
though occasionally effected by nature herself, and sometimes 
advantageous in torrential streams whose banks arc secured by 
solid walls of stone or other artificial constructions, seldom es¬ 
tablishes a permanent channel,and besides, tho increased rapid¬ 
ity of the flow through tho new cut often injuriously affects 
the regime of the river for a considerable distance below, f 

* Th© introduction of a new system of spurs with parabolic curves has been 
attended with great ad v ant ago in France.— Annale* du Genic Mai, 1803. 

f This practico hns sometimes been resorted to on tho Mississippi with ad¬ 
vantage to navigation, but it is quite anothor question whether that advan¬ 
tage has not boon too dearly purchased by the injuty to tho banks at lower 
points. If we suppose a river to have a navigable course of 1,000 miles ns 
measured by its natural channel, with a descent of 800 feet, we shall have a 
fall of six inches to tho mile. If the length of channel bo reduced to 1,200 
miles by cutting off bends, the fall is increased to eight inches per mile. Tho 
augmentation of velocity consequent upon this increase of inclination is not 
computable without taking into account other elements, such as depth and 
volume of water, diminution of direct resistance, and the like, but in almost 
any supposable case, it would be sufficient to produce great effects on the 
height of floods, the deposit of sediment in the ohannel, on the shores, and at 
the outlot, tho erosion of banks and other points of much geographical import¬ 
ance. 

The Po, in those parts of its course where the embankments leave a wide 
space between, often cuts off bends in its ohannel and straightens its course. 
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Combination of Methods . 

Upon the whole, it is obvious that no one of the methods 
heretofore practised or proposed for averting the evils resulting 
from river inundations is capablo of universal application. 
Each of them is specially suited to a special caso. l>ut tho 
hydrography of almost every considerable river and its tribu¬ 
taries will bo found to embraco most special casc3, most 
known forms of superficial fluid circulation. For rivers, in 
general, begin in tho mountains, traverse tho plains, and end in 
tlio sea ; they are torrents at their sources, swelling streams in 
their middle course, placid currents, flowing molli famine , at 
their termination. Ilcnco in tho different parts of their course 
tho different methods of controlling and utilizing them may 
successively find application, and there is every reason to be¬ 
lieve that by a judicious application of all, every great river 
may, in a considerable degree, bo deprived of its powers of 
evil and rendered subservient to tho use, tho convenience, and 
the dominion of man.* 

Those short cuts arc called *alti % or leaps, ami sometimes nbridgo tho distance 
between their termini by sovcral miles. In 1777, tho sal to of Cottaro short¬ 
ened a distance of 7,000 metres by 5,000, or, in other words, reduced tho 
length of tho river by fivo kilometres, or about threo miles, and in 1807 and 
1810 tho two mlli of Mc/zanono effected a still creator reduction. 

* On tho romediea against inundation, soo tho valuablo paper of Lom- 
B \ RDiNr, Sulti Itiondcuioni aveenute in quaii ultinu tempi in Fraucia, Milano, 
1858. 

Thcro can bo no doubt that in tho caso of rivora which rcccivo thoir supply 
in a large mcasuro from mountain streams, tho methods described in a former 
chapter os recently employed in South-eastern Franco to arrest tho formation 
and lessen the forco of torrents, would prove equally usoful as a preventive 
remedy against inundations. They would both retard tho delivery of surfooo- 
water and diminish the discharge of sediment into rivers, thus operating at 
once against the two most efficient causes of destructive floods. See Chapter 
Ill., pp. 810 it uqq. 
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Dikes of the Nile. 

“History tells us,” says Mengotti, “that the Nile became 
terrible and destructive to ancient Egypt, in consequence of 
being confined within elevated dikes, from the borders of 
Nubia to the 6ca. It being impossible for these barriers to resist 
the pressure of its waters at such a height, its floods burst its 
ramparts, sometimes on one side, sometimes on the other, and 
deluged the plains, which lay far below the level of its current. 

. . In one of its formidable inundations the Nile over¬ 
whelmed and drowned a largo part of the population. The 
Egyptians then perceived that thoy were struggling against 
nature in vain, and thoy resolved to remove the dikes, and per¬ 
mit the river to expand itself laterally and raise by its deposits 
the surface of the fields which border its channel.”* 

The original texts of the passages cited by Mengotti, from 
Latin translations of Diodorus Siculus and Plutarch and from 
Pliny the Elder, do not by any means confirm this statement, 
though the most important of them, that from Diodorus Siculus, 
is, perhaps, not irreconcilable with it. Not one of them speaks 
of the removal of the dikes, and I understand them all as 
relating to the mixed system of embankments, reservoirs, 
and canals which have been employed in Egypt through the 
whole period concerning which we have clear information. I 
suppose that the disastrous inundations referred to by the 
authors in question were simply extraordinary floods of the 
same character as those which have been frequent at later 
poriods of Egyptian history, and I find nothing in support of 
the proposition that continuous embankments along the banks 
of the Nile ever existed until such were constructed by Me- 
hemet Ali.f 

• Idrautica Fiiiea t SperimmtaU . M edizione, vol. L, pp. 181,183. 

t The gradual elevation of the bed of the Nile from sedimentary deposit, 
from the prolongation of the Delta and consequent reduction of the inclination 
of the river-bed, or, as has been supposed by some, though without probability, 
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The object of tlio dikes of the Po, and, with few exceptions, 
of those of other European rivers, lias always been to confino 
the waters of floods and the solid material transported by them 
within as narrow a channel as possible, and entirely to pre¬ 
vent them from flowing over the adjacent plains. The object 
of the Egyptian dikes and canals is the roverso, namely, to 
diffuse the swelling waters and their sediment over as wido a 
surface as possible, to store them up until the 6oil they cover has 
been thoroughly saturated and enriched, and then to conduct 
them over other grounds requiring a longer or a second submor- 
sion, and, in general, to suffer none of the precious fluid to escape 
except by evaporation and infiltration. 

Lake Moeris, whether wholly an artificial excavation, or a 
natural basin converted by embankments into a reservoir, was 
designed chiefly for the same purpose as the barrage built by 
Mongol Boy across the two great arms which enclose tlio Delta, 
namely, as a magazine to furnish a perenuial supply of water 
to the thirsty soil. But these artificial arrangements alone did 
not suffice. Canals were dug to receive the water at lower 
6tagcs of tlio river and conduct it far into the interior, and as 
all this was still not enough, hundreds of thousands of wells 
were 6unk to bring up from the subsoil, and spread over the 
surface, the water which, by means of infiltration from the 
river-bed, pervades the inferior strata of tlio wholo valley.* 

If a system of lofty continuous dikes, like tlioso of the Po, 
had really been adopted in Egypt, in tlio early dynasties when 
the power and tho will to undertake tlio most stupendous ma¬ 
terial enterprises were so eminently characteristic of the gov- 


frorn a secular rise of the coast, rendered necessary sorao change in the 
hydraulic arrangements of Egypt Mohemet Ali was advised to adopt a sys¬ 
tem of longitudinal levies, and ho embanked tho river from Jobol Silsiloh to 
tho Boa with dikes six or seven foet high and twonty foot thiok. Similar em- 
bankraonts wore made around tho Delta. Thcso dikes are provided with 
transverse embankments, with sluices for admitting and canals for distributing 
the water, and they servo rather to retain the water and control its flow than 
to exclude it— Clot Bet, Apeiyu $ur PKyypte, il, 407. 

• It is said that in the Delta alone 50,000 wells are employed for irrigation* 
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ornment of that country, and persevered in through later 
ages, and the waters of the annual inundation had thus been 
permanently prevented from flooding the land, it is conceiv¬ 
able that the productiveness of the small area of cultivable 
soil in the Nile valley might have been long kept up by 
artificial irrigation and the application of manures. But 
nature would have rebelled at last, and centuries before our 
time the mighty river would have burst the fetters by which 
impotent man had vainly striven to bind his swelling floods, 
the fertile fields of Egypt would have been converted into 
dank morasses, and then, perhaps, in some distant futuro, when 
the expulsion of man should have allowed the gradual restora¬ 
tion of the primitive equilibrium, would bo again transformed 
into luxuriant garden and plough land. Fortunately, the 
sapientia jEgyptiorwn, the wisdom of the Egyptians, taught 
them better tilings. They invited and welcomed, not repulsed, 
the slimy embraces of Nilus, and his favors have been, from 
the hoariest antiquity, the greatest material blessing that 
nature ever bestowed upon a people.* 

Deposits of the Nile . 

The Nile is larger than all the rivers of Lombardy together,f 
it drains a basin fifty, possibly even a hundred, times as exten- 

* Deep borings have not detected any essential difference in the quantity or 
quality of the deposits of the Nile for forty or fifty, or, as some coraputo, for 
a hundred centuries. From what vast storo of rich earth docs this river de¬ 
rive tho three or four inoheR of fertilizing- material which it spreads over the 
soil of Egypt every hundred years ? Not from the Whito Nile, for that river 
drops nearly all its suspended matter in tho broad expansions and slow 
current of its channel south of the tenth degree of north latitude. Nor docs 
it appear that muoh sedimont is contributed by the Bahr-cl-Azrck, which 
flows through forests for a groat part of its oourse. I bavo been informed by 
an old European resident of Egypt who is very familiar with the Upper Nile, 
that almost the whole of the earth with whioh its waters are charged is 
brought down by the Takazz\ 

f From daily measurements during a period of fourteen years—1S27 to 
1840—the mean delivery of the Po at Ponte Lagosouro, below the entrance 
of its last tributary, is found to be 1,720 oubio metres, or 00,745 cubio feet, 
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sive, its banks liavo been occupied by man probably twico as 
long. But its geographical character lias not been much 
changed in the whole period of recorded history, and, though 

per second. Its smallest delivery is 18G cubic metres, or C,5G9 cubic foct, 
its greatest 5,150 cubic metres, or 152,094 cubic feot. Tho average delivery 
of the Kilo being 101,000 cubio feot per second, it follows that tho Po con¬ 
tributes to tho Adriatic rather moro than six-tenths as much wntor as tho Kilo 
to the Mediterranean—a result which will surprise most readers. 

It is worth remembering that tho mean delivery of tho Rhone is almost 
identical with that of the Po, and that of tho Rhino is very nearly tho same. 
Though tho Po receives four-tenths of its water from lakes, in which tho 
streams that empty into them let fall tho solid material they bring down from 
tho mountains, its depobits in the Adriatic are at least sixty or seventy per 
cent, greater than those transported to the Mediterranean by tho Rhone, which 
derives most of its supply from mountain and torrential tributaries. Those 
tributaries lodge much sediment in tho Lako of Genova and tho Lao do Bour- 
got, but the total erosion of the Po and its diluents must bo conbidcrnbly 
greater than that of tho Rhone system. Tho Rhine conveys to the sou much 
less sediment than either of the other two rivers.—LOMDARDIKZ, Caryia - 
menti nrlbi conduioin :? (Id Po, pp. 29, 59. 

Tho mean dischargo of tho Mississippi is 075,000 cubic feet per second, and, 
accordingly, that river contributes to tho sea about eleven times as much water 
as tho Po, and more than six and a half times as much as tho Kilo. Tho dis¬ 
charge of the Mississippi is estimated at one-fourth of tho precipitation in its 
basin—certainly a very largo proportion, when wo consider tho rapidity of 
evaporation in many parts of tho basin, and the probable loss by infiltration. 
—Humphreys and Abbot’ a Import, p. 9G. 

Tho basin of tho Mississippi has an area forty-f ix times as largo ns that of 
the Po, with a mean annual precipitation of thirty inches, whilo that of tho 
Po, at least according to official statistics, has a precipitation of forty inches. 
Hence tho down-fall in the former is one-fourth lo',s than in tho lattor. Bosidos 
this,the Mississippi loses little or nothing by the diversion of its waters for irriga¬ 
tion. Consequently tho measured discharge of the Mississippi is proportionally 
much less than that of tho Fo, and we are authorized to coucludo that tho differ¬ 
ence is partly duo to the oseape of water from tho bod, or ut least tho basin 
of tho Mississippi, by subterranean channels. 

Thoso comparisons aro interesting in refcrcnco to tho supply rccoivod by 
tho sea directly from great rivers, but they fail to givo a truo idea of tho real 
volumo of tho latter. To take tho caso of tho Kilo and tlio Po: wo havo 
reason to suppose that comparatively littlo water is divortod from tho tribu¬ 
taries of the former for irrigation, but euonnous quautitics aro drawn from its 
main trunk for that purpose, bolow tho point whero it receives its last atlluont. 
This quantity is now increasing in so rapid a proportion, that Elisoo Redos 
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its outlets have somewhat fluctuated in number and position, 
its historically known encroachments upon the sea are trifling 
compared with those of the Po and the neighboring streams. 
The deposits of the Nile are naturally greater in Upper than in 
Lower Egypt. They are found to have raised the soil at 
Thebes about seven feet within the last seventeen hundred 
years, and in the Delta the rise has been certainly more than 
half as great. 

Wo shall, therefore, probably not exceed the truth if we 
suppose the annually inundated surface of Egypt to have been 
elevated, upon an avorago, ten foot,* within the last 5,000 years, 


foresees the day when the entire low-water current will be absorbed by now 
arrangements to moot the noods of extondod and improved agriculture. On 
the other hand, while the afllucnts of the Po send off a groat quantity of water 
into canals of irrigation, the main trunk loses little or nothing in that way 
except at Chivusso. Trustworthy data are wanting to enablo us to estimate 
how far these different modes of utilizing the water balance each other in the 
case under consideration. Perhaps the Caual Gavour, and other irrigating 
canals now proposed, may one day intercept as largo a proportion of the sup¬ 
ply of the lowor Po as Egyptian dikes, canals, shadoofs, and steam-pumps do 
of that of the Nile. 

Another ciroumstance is important to be considered in comparing the 
character of those three rivers. The Po runs nearly east and west, and it and its 
tributaries are exposed to no other difference of meteorological conditions than 
those whioh always subsist between the mountains and the plains. The 
course of the Nile and the Mississippi is mainly north and south. The sources 
of the Nile are in a very humid region, its lower course for many hundred 
miles in almost rainless latitudes with enormous evaporating power, while the 
precipitation is large throughout the Mississippi system, exoept in tho basins of 
some of its western affluents. 

* Fraas and Eyth maintain that we have no trustworthy data for calculating 
tho annual or secular elevation of tho soil of Egypt by tho sodimont of the 
Nile. The deposit, they say, is variable from irregularity of current, and 
especially from tho interference of man with the operations of nature, to a 
degree whioh renders any probable computation of the amount quite impossible. 
—Fraas, Aus dm Orient^ pp. 212, 218. 

The sedimentary matter transported by tbe Kile might doubtless be esti¬ 
mated with approximate precision by careful observation of tho proportion of 
suspended slime and water at different stations and seasons for a few succes¬ 
sive yean. Figari Bey states that at low stages the water of the Nile contains 
little or no sediment, and that the greatest proportion ooours about tho end of 




DEPOSITS OF TIIE KILE. 521 

or twice and a half the period during which the history of the 
Po is known to us.* 

As I have observed, the area of cultivated soil is much Jess 
extensive now than under the dynasties of the Pharaohs and 
the Ptolemies; for—though, in consequence of the elevation 
of the river-bed, the inundations now have a wider natural 
spread—the industry of the ancient Egyptians conducted tho 
Nile water over a great surfaco which it docs not now reach. 

Had the Nile been banked in, liko tho Po, all this deposit, 
except that contained in tho water diverted by canals or other¬ 
wise drawn from the river for irrigation and other purposes, 

July, and, of courso, wbilo tho river is still rising. Experiment* at Khartum 
at that season showed solid mattor in tho proportion of one to a thousand by 
weight. Tho quantity is relatively greater at Cairo, a fact which shows that 
tho river receives more earth from the erosion of iu* banks than it deposits ut 
its own bottom, and it must consequently widen its channol unless wo suppose 
a secular depression of the coast at tho mouth of tho Kilo which produces an 
increased inclination of tho bed of tho river, and consequently an augmented 
velocity of flow sufficient to sweep out earth from tho bottom and mix it with 
tho current. 

HerschcU states tho Kile sediment at 1 in CG3 by weight, and computes the 
entire annual quantity at 140 millions of tons. —Physical Gcofjrajrfi*/, p. 2’U. 

The moan proportion of sedimentary material in tho wo tors of tho Missis¬ 
sippi is calculated at 1 to 1,500 by weight, and 1 to 2,000 in volumo, and tho 
total annual quantity at 812,500,000,000 pounds,which would covor ono square 
mile to tho depth of 241 foot— IIumviiUK ys and Aduot, p. 140. 

• Wo are quito safe in supposing that tho valley of tho Kilo has boon 
occupied by naan at least 5,000 years. Tho dates of Egyptian chronology aro 
uncertain, but I believe no inquiror estimates tho ago of tho groat pyramids at 
less than forty centuries, and the construction of such works implies an al¬ 
ready anoiont civilization. 

It is an interesting fact that tho old Egyptian system of embankmonts and 
canals is probably moro anoiont than tho geological changes which havo con¬ 
verted tho Mississippi from a limpid to a turbid stream, and occasioned tho 
formation of tho vast delta at tho mouth of that river. Ilumphroys and Abbot 
oonclude that tho delta of tho Mississippi began its encroachments on tlio 
Gulf of Mexico not moro than 4,400 years ago, beforo which poriod they sup¬ 
pose the Mississippi to havo boon “ a comparatively cloar stream,” conveying 
very little sediment to the soa. Tho present rate of advanco of the delta is 
203 foot a year, and there are reasons for thinking that tho amount of deposit 
has long been approximately constant«.—•Jfywf, pp. 405, 430. 
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would lmvo been carried out to sea. This would have been a 
considerable quantity; for the Nile holds some earth in suspen¬ 
sion at all seasons except at the very lowest water, a much 
larger proportion during the flood, and irrigation must have 
been carried on during the whole year. The precise amount of 
sediment which would have been thus distributed over the soil 
is matter of conjecture, but though largo, it would have been 
much less than the inundations lmvo deposited, and continuous 
longitudinal embankments would have compelled the Nile 
to transport to tho Mediterranean an immense quantity over 
and above what it has actually deposited in that sea. Tho 
Mediterranean is shoal for some miles out to sea along the 
whole coast of the Delta, and tho largo bays or lagoons within 
the coast-lino, wlncu communicate both with tho river and tho 
sea, have little depth of water. These lagoons tho river deposits 
would have filled up, and there would still have been surplus 
earth enough to extend the Delta far into tho Mediterranean.* 

Obstruction of River Mouths . 

Tho mouths of a largo proportion of tho streams known to 
ancient navigation are already blocked up by sand-bars or 
tiuviatilo deposits, and the maritime approaches to river harbors 
frequented by tho ships of Phenicia and Carthago and Greece 
and Dome arc shoaled to a considerable distance out to sea. 
The inclination of the lower course of almost every known river 
bed has been considerably reduced within tho historical poriod, 
and nothing but great volume of water, or exceptional rapidity 
of flow, now enables a few largo streams like tho Amazon, tho 
La Plata, tho Ganges, and, in a less degree, the Mississippi, to 

* The present annual extension of the Delta is, if perceptible, at all events 
very small According to some authorities, a few hoctaros are added ovory 
year at each Kile mouth. Others, among whom I may mention Frans, deny 
that there is any extension at oU, the deposit being balanced by a secular de¬ 
pression of the ooast. 

Elistie Reclus states that the Delta advonoes about 40 inches per year .—La 
Terre, L, p. GOO. 
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carry tlicir own deposits far enough out into deep water to pre¬ 
vent the formation of serious obstructions to navigation. But 
the degradation of their banks, ami the transportation of earthy 
matter to the sea by their currents, arc gradually filling up the 
estuaries even of these mighty Hoods, and unless the threatened 
evil shall be averted by the action of geological forces, or by 
artificial contrivances more efficient than dredging-machines, 
the destruction of every harbor in the world which receives a 
considerable river must inevitably tako placo at no vory distant 
date. 

This result would, perhaps, havo followed in somo incalcula¬ 
bly distant future, if mau had not como to inhabit the earth as 
soon as the natural forces which had formed its surface had 
arrived at such an approximate equilibrium that his existence 
on the gloho was possible ; but the general effect of his indus¬ 
trial operations has been to accelerate it immensely. Rivers, in 
countries planted by naturo with forests and never inhabited by 
man, employ the little earth and gravel they transport chiefly 
to raise their own beds and to form plains in their basins. In 
their upper course, where the current is swiftest, thoy arc most 
heavily charged with coarse rolled or suspended matter, and 
this, in floods, they deposit on tlicir shores in the mountain val¬ 
leys where thoy rise ; in their middlo eourso, a lighter earth is 
spread over tho bottom of tlicir widening barins, and forms 
plains of modcrato extent; tho fino silt which flouts farther is 
deposited over a still broader area, or, if carried out to sea, is 
in great part quickly swept far off by marino currents ami 
dropped at last in deep water. Han’s “improvement ” of tho 
soil increases tho erosion from its surface; his arrangements 
for confining tho lateral spread of tho water in floods compel tho 
rivers to transport to tlicir mouths tho earth derived from that 
erosion oven in tlicir upper course; and, consequently, tho sedi¬ 
ment they deposit at tlicir outlets is not only much larger in 
quantity, but composed of heavier materials, which sink more 
readily to tho bottom of the sea and aro less easily removed by 
marino currents. 
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Tho tidal movement of the ocean, deep-sea currents, and the 
agitation of inland waters by the wind, lift up the sands strewn 
over the bottom by diluvial streams or sent down by mountain 
torrents, and throw them up on dry land, or deposit them in 
sheltered bays and nooks of the coast—for the flowing is strong¬ 
er than tho ebbing tide, the affluent than the refluent wave. 
This cause of injury to harbors it is not in man’s power to re¬ 
sist by any means at prosent t vailablo; but, as we have scon, 
something can be done to prevent the degradation of high 
gr.mnds, and to diminish tho quantity of earth which is annu¬ 
ally abstracted from tho mountains, from table-lands, and from 
river-banks, to raise the bottom of the sea. 

This latter cause of harbor obstruction, though an activo agent, 
is, nevertheless, in many cases, the less powerful of the two. Tho 
earth suspended in tho lower course of fluviatile currents is lighter 
than sea-sand, liver water lighter than sea water, and hence, if a 
land stream enters the 60& with a considerable volume, its water 
flows over that of the sea, and bears its slime with it until it lets it 
fall far from shore, or, as is more frequently the case, mingles 
with some marine current and transports its sediment to a re¬ 
mote point of deposit. Tho earth borne out of tho mouths of 
tho Nile is in part carried over tho waves which throw up sea- 
sand on tho beach, aud deposited in deep water, in part drifted 
by tho current, which sweeps cast and north along the coasts of 
Egypt and Syria, and lodged in every nook along tho shore— 
and among others, to the great detriment of the Suez Canal, in 
the artificial harbor at its northern terminus—and in part borne 
along until it finds a final resting-place in the north-eastern 
angle of tho Mediterranean.* Thus the earth loosened by the 
rude Abyssinian ploughshare, and washed down by the rain 


* “Tho stream oorries this mud, eta, at first farther to the east, and only 
lets it fall where the foroe of the ourrent beoomes weakened. This explains 
the oontinual adronoe of the land seaward along the Syrian ooast, in conse¬ 
quence of whioh Tyre and Sidon no longer lie on the shore, but some distance 
inland. That the Nile contributes to this deposit may easily be seen, even by 
the unsciontific observer, from the stained and turbid character of the water 
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from tlie hills of Ethiopia which man has stripped of their pro¬ 
tecting forests, contributes to raise the plains of Egypt, to shoal 
the maritime channels which lead to the city built by Alexan¬ 
der near the mouth of the Nile, to obstruct the artificial com¬ 
munication between the Mediterranean and the Red Sea, and 
to fill up the harbors made famous by Phenician commorce. 

Deposits of the Tuscan Divers . 

The Amo, and all tho rivors rising on tho western slopes 
and spurs of tho Apennines, carry down immenso quantities 
of mud to tho Mediterranean. Thcro can bo no doubt that tho 
volumo of earth so transported is very much greater than it 
would have been had tho soil about tho headwaters of those 
rivers continued to bo protected from wash by forests; and 
there is as little question that the quantity borne out to sea by 
tho rivers of Western Italy is much increased by artificial em¬ 
bankments, because they are thereby prevented from spreading 
over the surface the sedimentary matter with which thoy are 

for many miles from its mouths. Ships often encounter floating masses of 
Kilo mud, and Dr. Clarke thus describes a case of this sort: 

“ While wo v/oro at tablo, wo heard the es.ilora who wero throwing the load 
suddenly cry out: * Thrco and a half! 1 Tho chip slackened her way, and 
veered about. As she came rouud, the whole surface of the water was seen 
to bo covered with thick, black mud, which extended so far that it appeared 
like an inland. At tho somo time, actual land was nowhoro to bo scon—not 
even from the most-head—nor was any notico of euch a shoal to bo found on 
any chart on board. Tho fact is, as wo learned afterwards, that a stratum of 
mud, stretching from the mouths of tho Kilo for many miles out into tho open 
soa, forms a movablo doposit along tho Egyptian coast. If this deposit is 
driven forwards by powerful curreuts, it sometimes rises to tho surfaoo, and 
disturbs tho marinor by tho suddeu appearance of shcals whore tho oharts load 
him to expect a considerable depth of water. But thooo strata of mud are, in 
reality, not in tho least dangerous. As soon as a ship strikes them they break 
up at onco, and a frigate may hold hor courso in perfect safety whoro an inex¬ 
perienced pilot, muded by bis soundings, would every moment expoot to be 
stranded.”—BS ttoeb, Da* Jfittcluiccr, pp. 18$, 180. 

This phenomenon is not pcculiur to the looality in question, and it is fre¬ 
quently observed in the Gulf of Bengal, and other great marine estuaries. 
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charged. Tho western coast of Tuscany has advanced some 
miles seawards within a very few centuries. The bed of the 
sea, for a long distance, has been raised, and of course the 
relative elevation of the land above it lessened; harbors have 
been filled up and destroyed; long lines of coast dunes have 
been formed, and the diminished inclination of the beds of the 
rivers near their outlets has caused their waters to overflow 
their banks and convert them into pestilential marshes. The 
territorial extent of Westorn Italy has thus been considerably 
increased, but tho amount of soil habitable and cultivable by 
man has been, in a still higher proportion, diminished. The 
coast of ancient Etruria was filled with great commercial towns, 
and their rural environs were occupied by a large and pros¬ 
perous population. But maritime Tuscany has long been one 
of the most unhealthy districts in Christendom; the famous 
Etruscan mart of Populonia has scarcely an inhabitant; the 
coast is almost absolutely depopulated, and tho malarious 
fevers have extended their ravages far into tho interior. 

These results are certainly not to be ascribed wholly to 
human action. They are, in a large proportion, due to geo¬ 
logical causes over which man has no control. The soil of 
much of Tuscany becomes pasty, almost fluid even, as soon as 
it is moistened, and when thoroughly saturated with water, it 
flows like a river. Such a soil as this would not be completely 
protected by woods, and, indeed, it would now be difficult to 
confino it long enough to allow it to cover itself with forest 
vegetation. Nevertheless, it certainly was once chiefly wooded, 
and tho rivers which flow through it must then have been much 
less charged with earthy matter than at present, and thoy must 
have carried into the sea a smaller proportion of their sediment 
when they were free to deposit it on their banks than since 
they have been confined by dikes. 

It is, in general, true, that the intervention of man has 
hitherto seemed to insure the final exhaustion, ruin, and desola¬ 
tion of every province of nature which he has reduced to his 
dominion. Attila was only giving an energetic and pictu- 
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resquc expression to tlio tendencies of human action, as per- 
6onitied in himself, when lie said that u no grass grow where 
his horse’s hoofs had trod/’ Tho instances aro fow, whore a 
second civilization has flourished upon the ruins of an ancient 
culture, and lands once rendered uninhabitable by human acts 
or neglect have generally been forever abandoned as hopelessly 
irreclaimable. It is, as I have beforo remarked, a question 
of vast importance, how far it is practicable to restore tho 
garden we have wasted, and it is a problem on which expe¬ 
rience throws little light, because few deliberate attempts have 
yet been made at the work of physical regeneration, on a scale 
large enough to warrant general conclusions in any one class of 
cases. 

Tho valleys and shores of Tuscany form, however, a striking 
exception to this remark. Tho success with which human 
guidance has made tho operations of nature herself available 
for the restoration of her disturbed harmonics, in tho Yal di 
Chiana and tho Tuscan Marcmma, is among tho noblest, if not 
the most brilliant achievements of modern engineering, and, 
regarded in all its hearings on tho great question of which I 
have just spoken, it is, as an example, of more importance to 
tho general interests of humanity than tho proudest work of 
internal improvement that mechanical means have yet con¬ 
structed. The operations in tho Yal di Chiana have consisted 
chiefly in so regulating tho flow of the surface-waters into and 
through it, as to compel them to deposit their sedimentary 
matter at the will of tho engineers, and thereby to raiso 
grounds rendered insalubrious and unfit for agricultural use by 
stagnating water; the improvements in tho Marcmma have em¬ 
braced both this method of elevating tho level of tho soil, and 
tho prevention of tho mixture of salt-water with fresh in the 
coast marshes and shallow hays, which is regarded as a very 
active cause of tho development of malarious influences.* 

* The faot that the mixing of salt and fresh water in coast marshes and 
lagoons is deleterious to the sanitary condition of tho vicinity, has been gen¬ 
erally admitted, though the precise reason why a mixture of both should be 
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Improvement* in the Tuscan Maremma. 

In the improvements of the Tuscan Maremma, formidable 
difficulties have been encountered. The territory to bo re¬ 
claimed was extensive; the salubrious places of retreat for 
laborers and inspectors were remote j the courses of the rivers 
to be controlled were long and their natural inclination not 
rapid; some of thorn, rising in wooded regions, transported 
comparatively little earthy matter,* and above all, the coast, 

more injurious than either alone, is not altogether oloar. It has been sug¬ 
gested that the admission of salt-water to the lagoons and rivers kills many 
fresh-wator plants and animals, while the fresh water is equally fatal to many 
marino organisms, and that the decomposition of the remains originates 
poisonous miasmata. Other theories, howevor, have been proposed. The 
whole subject is fully and ably discussed by Dr. Ralvagnoli Marchcttl in tho 
appendix to his valuable 1lajvporto sul Bonificamento delle Marcmme Totcanc. 
Bee also the Mnnoric Economic*-Sta fetiche buUc Marcmme Totcnnc , of tho samo 
author. A difforent view of this subject is taken by Raffanini and On- 
t.axdtni in AnaUei. Storico-FMco-Economica eulT innaUtbriUl ncllc Marcmme 
Twcanc, Firenze, 1800. See also the important memoir of D. PantalEont, 
Del Mia/nna vegetal* e dcUe Mulattie Miaematiche^ in which the viows of Sal- 
vngnoli on this point are combated. 

• This difficulty has been remedied—though with doubtful gonerul advan¬ 
tage—as to one important river of the Maremma, tho Pecora, by clearings 
recently oxecutcd along its upper course. 41 Tho condition of this marsh and 
of its affluent* are now, November, 1800, much changed, and it is advisable 
to prosocuto its improvement by deposits. In consequenco of tho extensive 
felling of tho woods upon the plains, hills, and mountains of the territory of 
Massa and Scarlino, within tho last ten years, the Pecora and other afflu¬ 
ents of the marsh receive, during the rains, water abundantly oharged with 
slime, so that the deposits within the first division of the marsh aro already 
considerable, and we may now hopo to seo tho wholo marsh and pond filled 
np in a mnoh shorter time than we had a right to expect before 1850. This 
oiroumstanoe totoUy changes the terms of tho question, beoauso the filling of 
the marsh and pond, whioh then seemed almost impossible on account of the 
smaU amount of sediment deposited by the Peoora, has now beoome practica¬ 
ble.”— Salvagnoli, Bapporto nil Bonifioamento dcUe Marcmme Totcane i, pp. 
li., lii. 

Between 1830 and 1850 more than 80,000,000 cubic yards of sediment were 
deposited in the marsh and shoal* water lake of Oastiglione alone,— Saltao* 
no li, RacooUa di Document^ pp. 74, 75. 
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which is a recent deposit of the waters, is little elevated above 
the 6 ca, and admits into its lagoons and the mouths of its 
rivers floods of salt-water with every western wind, overy ris¬ 
ing tide.* 

The western coast of Tuscany is not supposed to have been 
an unhealthy region before the conquest of Etruria by the 
Homans, but it certainly became 60 within a few centuries 
after that event. This was a natural consequence of the neg¬ 
lect or wanton destruction of the public improvements, and 
especially the hydraulic works in which the Etruscans were 60 
skilful, and of the felling of the upland forests, to satisfy the 
domand for wood at Rome for domestic, industrial, and mili¬ 
tary purposes. After the downfall of the Roman empire, the 
incursions of the barbarians, and then feudalism, foreign dom¬ 
ination, intestine warn, and temporal and spiritual tyrannies, 
aggravated still more cruelly the moral and physical evils 
which Tuscany and the other Italian States were doomed to 
suffer, and from which they have enjoyed but brief respites 
during the whole period of modem history. The llarcmma 
was already proverbially unhealthy in the time of Dante, who. 
refers to the fact in several familiar passages, and tlio petty 
tyrants upon its borders often sent criminals to places of con¬ 
finement in its territory, as a slow but certain modo of execu¬ 
tion. Ignoranco of the causes of the insalubrity, and often the 
interference of private rights, f prevented the adoption of meas- 

* The tido rises ten inches on tho coast of Tuscany. So* Moxnoir by Fan* 
Toni, in tho appendix to Salvacnoli, J & ipporto , p. 1&>. 

On the tides of tho Mediterranean, see B«”TTGLii, Dai Mittdmecr , p. 100. 

f In Catholio countrios, tho discipline of tho church requires a incagrA diet 
at oertain seasons, and as fish is not flesh, thcro is a groat demand for that 
article of food at thoso periods. For tho convenience of monasteries and tlioir 
patrons, and as a souroe of pecuniary emolument to ecclesiastical establish¬ 
ments and sometimes to lay proprietors, great numbers of artificial fish-ponds 
were created during the Middlo Ages. They woro generally shallow pools 
formed by damming up the outlet of marshes, and they wero among the most 
fruitful sources of endemio diseaso, and of the peculiar malignity of tho epi¬ 
demics which so often ravaged Europe in those centuries. Thoso ponds, in 
religious hands, were too sacred to be infringed upon for sanitary purposes, 

34 
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ures to remove it, and the growing political and commercial 
importance of the largo towns in more healthful localities 
absorbed the attention of Government, and deprived tho Ma- 
remma of its just share in the systems of physical improve¬ 
ment which were successfully adopted in interior and Northern 
Italy. 

Before any serious attempts were made to drain or fill up 
tho marshos of tho Maromma, various other sanitary experi¬ 
ments were tried. It was generally believed that tho insalu¬ 
brity of tho province was tho consequence, not tho cause, of its 
depopulation, and that, if it were once densely inhabited, tho 
ordinary operations of agriculture, and especially tho mainte¬ 
nance of numerous domestic fires, would restore it to its ancient 
healthfulness.* In accordance with these views, settlers were 
invited from various parts of Italy, from Greece, and, after tho 
accession of tho Lorraine princes, from that country also, and 
colonized in tho Maromma. To strangers coming from soils 
and skies 60 unlike those of tho Tuscan marshes, the climate 
was more fatal than to the inhabitants of the neighboring dis¬ 
tricts, whoso constitutions had become in some degree inured to 
the local influences, or who at least knew better how to guard 
against them. Tho consequence very naturally was that tho 
experiment totally failed to produce tho desired effects, and 
was attended with a great sacrifice of life and a heavy loss to 
tho treasury of the state. 

Tho territory known as the Tuscan Maromma, ora maritime, 


rind when belonging to powerful lay lords thoy wero almost as inviolable. 
Tho rights of fishery wore a standing obstacle to every proposal of bydraulio 
improvement, and to this day largo and fertile districts in Southern Europe 
remain sickly and almost unimprovod and uninhabited, becauso tbo draining 
of the ponds upon thorn would reduce the income of proprietors who derive 
largo profits by supplying tho faithful, in Lent, with fish, and with various 
spoolrs of watorfowl which, though very fat, Are, coolosiostioally speaking, 
meagre. 

* Moochiavelli advised the Government of Tuscany “ to provide that men 
should rostore the wholosomenees of the soil by cultivation, and purify the air 
by tires. Salvaonoli, Memories, 111. 
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or Maremme—for the plural form is most generally used— 
lies upon and near the western coast of Tuscany, and comprises 
about 1,900 square miles English, of which 500 square miles, 
or 320,000 acres, are plain and marsh including 45,500 acres 
of water surface, and about 290,000 acres are forest. One of 
the mountain peaks, that of Mount Amiata, rises to the hoight 
of 6,280 feet. The mountains of the Marcmma are healthy, 
the lower hills much less so, as the malaria is felt at &ome points 
at the height of 1,000 feet, and the plains, with the exception 
of a few localities favorably situated on the scacoast, aro in a 
high degree pestilential. The fixed population is about 80,000, 
of whom one-sixth live on the plains in the«wintcr and about 
one-tenth in the summer. Nino or ten thousand laborers come 
down from the mountains of the Maremma and the neighbor¬ 
ing provinces into the plain, during tho latter season, to culti*. 
vato and gather tho crops. 

Out of this small number of inhabitants and strangers, 35,- 
619 were ill enough to require medical treatment between tho 
1st of June, 1S40, and tho 1st of Juno, 1S41, and more than 
one-half tho cases were of intermittent, malignant, gastric, 
or catarrhal fever. Very few agricultural laborers escaped 
fever, though the disease did not always manifest itself until 
they had returned to tho mountains. In the province of Gros- 
seto, which embraces nearly tho whole of tho Maremma, tho 
annual mortality was 3.92 per cent., the average duration of life 
but 23.18 years, and 75 per cent, of tho deaths were among 
persons engaged in agriculture. 

Tho filling up of tho low grounds and tho partial separation 
of the waters of tho 6ca and the land, which had boon in pro¬ 
gress since tho year 1827, now began to 6how very decided 
effects upon the sanitary condition of the population. In tho 
year ending Juno 1st, 1842, the number of tho sick wus re¬ 
duced by more than 2,000, and tho cases of fovor by moro than 
4,000. Tho next year tho cases of fovor fell to 10,500, and in 
that ending Juno 1st, 1S44, to 9,200. Tho political events of 
1848, and the preceding and following years, occasiouod the 
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suspension of the works of improvement in the Maremma, but 
they were resumed after the revolution of 1859. 

I have spoken with some detail of the improvements in the 
Tuscan Maremma, because of their great relative importance, 
and because their history is well known; but like operations 
have been executed in the territory of Pisa and upon the coast 
of the duchy of Lucca. In the latter case they were confined 
principally to prevention of the intermixing of fresh water 
with that of the sea. In 1741 sluices or lock-gates were con¬ 
structed for this purpose, and the following year the fevers, 
which had been destructive to the coast population for a long 
time previous, disappeared altogether. In 1768 and 1769, tho 
works having fallen to decay, tho fevers returned in a very 
malignant form, but tho rebuilding of the gates again restored 
the hcalthfulness of tho shore. Similar facts recurred in 17S4 
and 1785, and again from 1S04 to 18:41. This long and relocated 
experience lias at last impressed upon the people the necessity 
of vigilant attention to the sluices, which are now kept in con¬ 
stant repair. The health of tho coast is uninterrupted, and 
Yiareggio, the capital town of tho district, is now much fre¬ 
quented for its sea-baths and its general salubrity, at a season 
when formerly it was justly shunned as the abode of discaso 
and death.* 


Improvements in the Val di Chiana. 

For twenty miles or more after tho remotest headwaters of 
the Amo have united to form a considerable stream, this river 
flows south-eastwards to tho vicinity of Arezzo. It hero sweeps 
round to tho north-west, and follows that course to near its junc¬ 
tion with the Sieve, a few miles above Florence, from which 
point its general direction is westward to the sea. From the 
bend at Arezzo, a depression called the Val di Chiana runs 

• Giorgini, Bur let causes de Vlnsalubrite dc Vair dans Is voisinags da tna* 
rats, etc., Xus d VAcademic da Sciences d Paris y le 12 Juillet, 1825. Reprinted 
in Salvagvoli. RapporU> y stc, y nppendice, p. 5, st segg. 
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south-eastwards until it strikes into the valley of the Paglia, a 
tributary of the Tiber, and thus connects the basin of the latter 
river with that of the Arno. In the fuddle Ages, and down 
to the eighteenth century, the Val di Chiana was ofton over¬ 
flowed and devastated by the torrents which poured down from 
the highlands, transporting great quantities of slime with their 
currents, stagnating upon its surface, and gradually converting 
it into a marshy and unhealthy district, which was at last very 
greatly reduced in population and productiveness. It had, in 
fact, become so desolate that oven the swallow had deserted 
it* 

The bed of the Arno near Arezzo and that of the Paglia at 
the southern extremity of the Val di Chiana did not differ 
much in level. The general inclination of the valley was there- 


* This curious fact id thus stated in tlio preface to Fossombroni {Mtuiorie 
ttt/pra la Val di Chiana, edition of p. xiii.), from which nlho I borrow 
most of the data hereafter given with reject to that valley : “It in perhaps 
not universally known, that tho swallows, which como from tho north [south] 
to spend tho bummer in our climate, do not frequent marshy districts with a 
malarious atmosplioro. A proof of tho restoration of salubrity in the Val di 
Chiana is furnished by these aerial visitors, which had novor bofore boon seen 
in thoso low grounds, but which have appeared within u fow years at Forano 
and other points similarly situated. 11 

Is tho air of swamps destructive to tho swallows, or is their absence in such 
localities merely duo to tho want of human habitations, near which this half- 
domestic bird loves to brci d, perhaps bccau&o tho houso-tly and other iusccts 
which follow man are found only in tho vicinity of his dwellings ? 

In almost all European countries tho swallow is protected, by popular 
opinion or superstition, from the persecution to which almost all other birds 
arc subject. It is possible that this respect for the swallow is founded upon 
nnciont observation of tho fact just stated on tho authority of Fossombroni. 
Ignorance mistakes tho etfoct for tho causo, and tho absenco of this bird may 
have been supposed to be tho occasion, not the consequence, of tho uuhealthi- 
ness of particular localities. This opinion onco adoptod, tho swallow would 
become a sacred bird, and in process of time fables und legends would be in- 
>ontcdto give additional sanction to tho prejudices which protootodit. Tho 
Homans considered the swallow as consecrated to tho Penates, or household 
gods, and according to Perctti (Le Sc rate del ViVaggio, p. ICS) tho Lombard 
peasantry think it a sin to kill them, because they are le gallineU 4 del Signore, 
the chickens of the Lord. 
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fore small; it does not appear to have ever been divided into 
opposite slopes by a true watershed, and the position of the 
summit seems to have shifted according to the varying amount 
and place of deposit of the sediment brought down by the 
lateral streams which emptied into it. The length of its princi¬ 
pal channel of drainage, and even the direction of its flow at 
any given point, were therefore fluctuating. Hence, much dif¬ 
ference of opinion was entertained at different times with re¬ 
gard to the normal course of this stream, and, consequently, to 
die question whether it was to be regarded as properly an afflu¬ 
ent of the Tiber or of the Arno. 

The bed of the latter river at the bend has been eroded to 
the depth of thirty or forty feet, and that, apparently, at no 
very remote peviod.* If it were elovated to what was o\ idently 
its original height, tho current of the Amo would be so much 
above that of tho Paglia as to allow of a regular flow from its 
channel to the latter stream, through tho Yal di Chiana, pro¬ 
vided tho bod of the valley had remained at the level which 
excavations prove it to have had a few centuries ago, boforo it 
was raised by the deposits I have mentioned. These facts, 
together with tho testimony of ancient geographers which 
scarcely admits of any other explanation, are thought to prove 
that all the waters of tho Upper Arno were originally dis¬ 
charged through tho Yal di Chiana into tho Tiber, and that a 
part of them still continued to flow, at least occasionally, in 
that direction down to the days of the Homan empire, and per¬ 
haps for some time later. The depression of tho bed of the 
Amo, and the raising of that of tho valley by tho deposits of 
the lateral torrents, finally cut off tho branch of tho river which 
had flowed to the Tiber, and all its waters were turned into its 
present channel, though the drainage of the principal part of 
the Val di Chiana appears to have been in a soutli-castwardly 
direction until within a comparatively recent period. 

* Able geologists infer from reoent investigations, that, although the Arno 
flowed to the south within the pliocenlo period, the direction of ite oourto woe 
changed at an earlier epooh than that supposed in the text. 
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In the sixteenth century the elevation of the bed of the 
valley had become so considerable, that in 1551, at a point about 
ten miles south of the Arno, it was found to be not loss than 
one hundred and thirty feet above that river; then followed a 
level of ten miles, and then a continuous descent to the Paglia. 
Along the level portion of the valley was a boatable channel, 
and lakes, sometimes a mile or even two miles in breadth, had 
formed at various points farther south. At this period tlio 
drainage of the summit level might easily have beoil deter¬ 
mined in either direction, and the opposite descents of the val¬ 
ley made to culminate at the north or at the south end of the 
level. In the former ease, the watershed would have been ten 
miles south of the Arno; in the latter, twenty miles, and the 
division of the valley into two opposite slopes would have boon 
not very unequal. 

Various schemes were suggested at this timo for drawing 
off the stagnant waters, as well as for the future regular drain¬ 
age of the valley, and small operations for thoso purposes were 
undertaken with partial succor; but it was feared that tho 
discharge of the accumulated waters into tho Tiber would pro¬ 
duce a dangerous inundation, while the diversion of tho drain¬ 
age into tho Arno would increase tho violence of tho floods to 
which that river was very subject, and no decisive 6teps were 
taken. In 1C0G an engineer, whose name has not been pre¬ 
served, proposed, as the only possible method of improvement, 
the piercing of a tunnel through the lulls bounding tho valloy 
on the west to convey its waters to tho Ombronc, but tho ox- 
penso and other objections prevented tho adoption of this 
scheme,* Tho fears of the Roman Government for tho safety 
of the basin of the Tiber had induced it to construct embank¬ 
ments across tho portion of tho valley lying within its territory, 
and these obstructions, though not specifically intended for 
that purpose, naturally promoted the deposit of sediment and 
tho elevation of tho bed of the valley in* their neighborhood, 
Tho effect of this measure and of the continued spontaneous 
"Morozzi, Ditto stato ddC Arno , il. t pp. 30, 40. 
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action of the torrents was, that the northern slope, which in 
1551 had commenced at the distance of ten miles from the 
Arno, was found in 1605 to begin nearly thirty miles south of 
that river, and in 1645 it had been removed about six miles far¬ 
ther in the same direction.* 

In the seventeenth century the Tuscan and Papal Govern¬ 
ments consulted Galileo, Torricelli, Castelli, Cassini, Viviani, 
and other distinguished philosophers and engineers, on the pos¬ 
sibility of reclaiming the valley by a regular artificial drainage. 
Most of these eminent physicists wore of opiuion that the 
measure was impracticable, though not altogether for the same 
reasons; but they seem to have agreed in thinking that the 
opening of such channels, in either direction, as would give the 
current a flow sufficiently rapid to drain the lands properly, 
would dangerously augment the inundations of the river— 
whether the Tiber or the Arno—into which the waters should 
be turned. The general improvement of the valley was now 
for a long time abandoned, and the waters were allowed to 
spread and stagnate until carried off by partial drainage, infil¬ 
tration, and evaporation. Torricelli had contended that tho 
slope of a large part of the valley was too small to allow it to 
be drained by ordinary methods, and that no practicable depth 
and width of canal would suffice for that purpose. It could 
be laid dry, he thought, only by converting its surfaco into an 
inclined plane, and he suggested that this might be accom¬ 
plished by controlling the flow of the numerous torrents which 
porn* into it, so as to forco them to deposit their sediment at 
tho pleasure of tho engineer, and, consequently, to elevate tho 
level of tho area over which it should bo spread.t This plan 

* Jlonozzi, DeUoctato, etc., delT Arno , ii., pp. 30, 40. 

f Torricelli thus expressed himself on this point: 11 If we content ourselves 
with what nature has made practicable to human industry, we shall endeavor 
to oontrol, as far as possible, the outlets of these streams, which, by raising 
the bed of the valley with thoir deposits, will realixo the fable of the Tagus 
and the Paotolus, and truly roll golden sands for him that is wise enough to 
avail himself of them.”—Possoiumoxi, Mtmorie copra la Val di China , p, 
219. 
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did not meet with immediate general acceptance, but it was 
soon adopted for local purposes at some points in the southern 
part of the valley, and it gradually grew in public favor and 
was extended in application until its final triumph a hundred 
years later. 

In spite of theso encouraging successes, however, the fear 
of danger to the valley of the Arno and the Tiber, and the 
difficulty of an agreement between Tuscany and Rome—the 
boundary between which states crossed the Yal di Chiana not 
far from the half-way point between the two rivers—and of 
reconciling other conflicting interests, prevented the resump¬ 
tion of the projects for the general drainage of the valley until 
after the middle of the eighteenth century. In the meantime 
the science of hydraulics had become better understood, and 
the establishment of the natural law according to which tho 
velocity of a current of water, and of course the proportional 
quantity discharged by it in a given time, are increased by 
increasing its mass, had diminished if not dissipated tho fear 
of exposing the banks of tho Arno to greater danger from 
inundations by draining the Val di Chiana into it. 

Tho suggestion of Torricelli was finally adopted as the basis 
of a comprehensive system of improvement, and it wits decided 
to continue and extend the inversion of tho original flow of the 
waters, and to turn them into the Arno from a point as far to 
the south as should be found practicable. Tho conduct of tho 
works was committed to a succession of able engineers who, 
for a long scries of years, were under tho general direction of 
tho celebrated philosopher and statesman Fossombroni, and tho 
success has fully justified tho expectations of the most sanguino 
advocates of the scheme. Tho plan of improvement embraced 
two branches: the one, the removal of obstructions in tho bed 
of tho Arno, and, consequently, the further depression of tho 
channel of that river, in certain places, with the view of in¬ 
creasing tho rapidity of its current; tho other, tho gradual 
filling up of tho ponds and swamps, and raising of tho lower 
grounds of the Yal di Chiana, by directing to convenient 
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points tho flow of the streams which pour down into it, and 
there confining their waters by temporary dams until the sedi¬ 
ment was deposited where it was needed. The economical 
result of these operations has been, that in 1835 an area of 
more than four hundred and fifty square miles of pond, marsh, 
and damp, sickly low grounds had been converted into fer¬ 
tile, healthy, and well-drained soil, and, consequently, that so 
much territory has been added to the agricultural domain of 
Tuscany. 

But in our present view of tho subject, the geographical 
revolution which has been accomplished is still more interest¬ 
ing. Tho climatic influence of the elevation and draining of 
the soil must have been considerable, though I do not know 
that an increase or a diminution of the mean temperature or 
precipitation in the valley has been established by meteorologi¬ 
cal observation. There is, however, in the improvement of tho 
sanitary condition of the Val di Chiana, which was formerly 
extremely unhealthy, satisfactory proof of a beneficial climatic 
change. Tho fevers, which not ouly decimated tho population 
of the low grounds but infested tho adjacent hills, have ceased 
their ravages, and are now not more frequent than in other 
parts of Tuscany. Tho strictly topographical effect of tho 
operations in question, besides the conversion of marsh into dry 
surface, has been the inversion of the inclination of the valley 
for a distance of thirty-five miles, so that this great plain which, 
within a comparatively short period, sloped and drained its 
waters to tho south, now inclines and sends its drainage to tho 
north. The reversal of the currents of the valley has added to 
the Arno a now tributary equal to tho largest of its former 
affluents, and a most important circumstanco connected with 
this lattor fact is, that the inercaso of the volume of its waters 
has accelerated their velocity in a still greater proportion, and, 
instoad of augmenting tho danger from its inundations, has 
almost wholly obviated that source of apprehension.* Between 

* Arrian observes that at the Junction ot the Ejdaspes and the Aoesinos, 
both of whioh are described as wide streams, 14 one veij narrow river is form- 
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the beginning of the fifteenth century and the year 1761, thirty- 
one destructive floods of the Arno are recorded; between 1761, 
when the principal streams of the Val di Chiana were diverted 
into that river, and 1835, not one.* 


ed of two confluents, and its current is very swift.”— Arrian, Alex. Anab ., 
vi, 4. 

A like example is observed in the Anapus near Syracuse, whioh, bolow the 
junotion of its two branches, is narrower, though swifter than eithor of • them, 
and such oases are by no means unfrequent. The immediate offeot of the 
confluence of two riverB upon the current below depends upon local circum¬ 
stances, and especially upon tho angle of incidcnco. If the two noarly coin¬ 
cide in direction, so as to includo a smoU angle, tho joint curront will have a 
greater velocity than tho slower confluent, perhaps evon than eithor of thorn. 
If tho two rivers run in transverse, still more if Ihoy flow in moro or loss op¬ 
posite, directions, tho velocity of the principal branch wiU be retarded both 
abovo and bolow the junotion, and at high water it may even sot back tho our- 
ront of the afllucnt. 

On tho othor hand, tho diversion of u connidorablo branch from a river 
retards its velocity bolow the point of separation, and hero a deposit of earth 
in its channel immediately begins, which bos a tendency to turn tho wholo 
stream into the now bed. ” Theory and tho authority of all hydrographical 
writers combine to show that tho channels of rivers undorgo an elovation of 
bed below a canal of diversion.”—Letter of Fossomjikoni, in Sax.vaoxoli, 
I&ccoltn di Document /, p. 32. See tho early authorities and discussions on 
the principle stated in tho text, in Fxusi, Dd modo di rcgoUirc i Fiumi c i 
Torrcntiy libro iii., capit i, and Moncottx, Idraulica, ii., pp. 88 ot soqq., and 
sco p. 408, note, ante . 

In my account of these improvements I havo chiefly followod Fossombroni, 
undor whoso diroction thoy woro principally exocutcd. Many of Fossoinbroni's 
statements and opinions havo been controverted, and in comparatively unim¬ 
portant particulars thoy havo boon shown to bo orrouoous.— Sco Lomdaudixi, 
Ouida alio studio ddC Idroloyiay cap. xviii., and same author, Ktame deyli 
Studisul Tccerfy §33. 

* FossoMnuoxr, Mmorie ldraulico-storicJiCy IntroduzinnCy p. xvi. Botwoon 
tho yoars 1700 and 1700 tho chroniclors record sovcntocu floods of tho Amo, and 
twenty botwoon 1800 and 1870, but nouo of these were of a proporly destruc¬ 
tive charactor except those of 1844, 18(34, and 1870, and tho ravagos of this 
latter were chiefly confined to Pisa, and were occasioned by tho bursting of a 
dike or wall. Thoy are all threo generally ascribed to extraordinary, if not 
unprecedented, rains and snows, but many inquirers attribute thorn to the 
felling of the woods in the valloys of tho upper tributaries of tho Arno sinoo 
1833. See a paper by Griffixx, in the Italia tfuoca, 18 Mario, 1871. 
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Results of Operations. 

It is now a hundred years since the commencement of the 
improvements in the Yal di Chiana, and those of the Maremma 
have been in more or less continued operation for above a gen¬ 
eration. Thoy have, as we have seen, produced important geo¬ 
graphical changes in the surface of the earth and in the flow of 
considerable rivers, and their effects have been not less conspicu¬ 
ous in preventing other changes, of a more or less deleterious 
character, which would infallibly have taken place if thoy had 
not been arrested by the improvements in question. 

The sediment washed into the marshes of the Maremma is 
not less than 12,000,000 cubic yards per annum. The escape 
of this quantity into tho sea, which is now almost wholly pre¬ 
vented, would be sufficient to advance tho coast-line fourteen 
yards per year, for a distanco of forty miles, computing tho 
mean depth of tho sea near the shore at twelve yards. It is 
true that in this case, as well as in that of other rivers, tho 
sedimentary matter would not bo distributed equally along tho 
shore, and much of it would bo carried out into deep water, or 
perhaps transported by tho currents to distant coasts. Tho im¬ 
mediate effects of tho deposit in tho sea, therefore, would not 
bo so palpable as thoy appear in this numerical form, but they 
would bo equally certain, and would infallibly manifest them¬ 
selves, firet, perhaps, at some remote point, and afterwards more 
energetically at or near tho outlots of tho rivers which produced 
them. The elevation of tho bottom of tho 6ea would diminish 
tho inclination of the beds of the rivers discharging themselves 
into it on that coast, and of course their tendency to overflow 
their banks and extend still further the domain of tho marshes 
which border them would bo increased in proportion. 

It has been already Btated that, in order to prevent tho over¬ 
flow of the valley of the Tiber by freely draining the Yal di 
Chiana into it, tho Papal authorities, long before tho commence* 
mont of tho Tuscan works, constructed strong barriers near the 
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southern end of the valley, which detained the waters of the 
wet season until they could be gradually drawn off into the 
Paglia. They consequently deposited most of their sediment 
in the Yal di Chiana and carried down comparatively little 
earth to the Tiber. The lateral streams contributing the largest 
quantities of sedimentary matter to the Val di Chiana original¬ 
ly flowed into that valley near its northern end; and the change 
of their channels and outlets in a southern direction, so as to 
raiso that part of the valley by their deposits and thcroby 
reverse its drainage, was one of tho principal steps in the pro¬ 
cess of improvement. 

Wo have seen that tho north end of tho Val di Chiana near 
tho Arno had been raised by spontaneous deposit of sediment 
to such a height as to interpose a sufficient obstacle to all How 
in that direction. If, then, the Rom.ru dam had not been 
erected, or tho works of the Tuscan Government undertaken, 
tho whole of tho earth, which lias been arrested by tlio&o works 
and employed to rai»o the bed and reverse the declivity of tho 
valley, would have been carried down to tho Tiber and thence 
into the sea. Tho deposit thus created would, of course, havo 
contributed to increase the advance of the shore at the mouth 
of that river, which has long been going on at tho rate of three 
metres and nine-tenths (twelve feet and nine inches) per 
annum.* It is evident that a quantity of earth, sufficient to 
effect the immense changes I have described in a wide valley 
more than thirty miles long, if dejiosited at tho outlet of tho 
Tiber, would havo very considerably modified tho outline of 
tho coast, and havo exerted no unimportant influence on tho 
flow of that river, by raising its point of discharge and length¬ 
ening its channeL 

The Coast of the Netherlands. 

It has been shown in a former section that the dikes of the 

* Soe the earoful estimates of Rozet, Moytns ds forcer ks Torrents, eto., 
PP. 42, 44. 
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Netherlands and the adjacent states have protected a consider¬ 
able extent of coast from the encroachments of the sea, and 
have won a large tract of cultivable land from the dominion of 
the ocean waters. The immense results obtained from the 
operations of the Tuscan engineers in the Yal di Chiana, and 
the Maremma have suggested the question, whether a different 
method of accomplishing these objects might not have been 
adopted with advantage. It has been argued, as in the case of 
the Po,that a system of transverse inland dikes and canals, upon 
the principle of those which have been so successfully em¬ 
ployed in the Val di Chiana and in Egypt, might have elevated 
the low grounds above the ocean tides, by spreading over them 
the sediment brought down by the Rhino, the Macs, and the 
Schcld. If this process had been introduced in the Middle 
Ages, aud constantly pursued to our times, the superficial and 
coast geography, as well as the hydrography of the countries in 
question, would undoubtedly have presented an aspect very 
different from their present condition; and by combining the 
process with a systom of maritimo dikes, which would have 
been necessary, both to resist the advance of the 6ca and to 
retain the slime deposited by river overflows, it is, indeed, possi¬ 
ble that the territory of those states would have been as exten¬ 
sive as it now is, and, at the same time, somewhat elevated 
above its natural level. 

The argument in favor of that method rests on the assump¬ 
tion that all the sea-washed earth, which the tides have let fall 
upon the shallow coast of the Netherlands, has been brought 
down by the rivers which empty upon those shores, and could 
have boon secured by allowing thoso rivers to spread over tho 
flats and deposit their sediment in still-water pools formed by 
cross-dikes like those of Egypt 

But wo are ignorant of the proportions in which the marine 
deposits that form the soil of the polders have been derived 
from materials brought down by these rivers, or from other 
more remote sources. Much of the river slime has, no doubt, 
been transported by marine currents quite beyond the reach 
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of returning streams, and it is uncertain how far this loss has 
been balanced by earth washed by tho sea from distant shores 
and let fall on tho coasts of tho Netherlands and other neigh¬ 
boring countries. 

Wo know littlo or nothing of the quantity of solid matter 
brought down by the rivers of Western Europe in early ages, 
but, as tho banks of tlioso rivers aro now generally better 
secured against wash and abrasion than in former centuries, 
the sediment transported by them must bo less than at periods 
nearer tho removal of the primitive forests of their valleys, 
though ccitainly greater than it was before thoso forests were 
felled. Ridden informs us that the sedimentary matter trans¬ 
ported to tho sea by tho Rhine would amount to a cubic geo¬ 
graphical milo in live thousand years. 18, 

Tho proportion of this suspended matter which, with our 
present means, could bo arrested and precipitated upon tho 
ground, is almost infinitesimal, for only the surface-water, which 
carries much less sediment than that at the bottom of tho chan¬ 
nel, would flow over tho banks, and as tho movement of this 
water, if not checked altogether, would be greatly retarded by 
tho proposed cross-dikes, tho quantity of solid matter which 
would be conveyed to a given portion of land during a single 
inundation would be extremely small. Inundations of tho 
Rhino occur but once or twice a year, and high water continues 
hut a few days, or even hours; tho flood-tide of tho sea hap¬ 
pens seven hundred times in a year, and at tho turn of tho 
tide tho water is brought to almost absolute rest. lienee, small 
as is tho proportion of suspended matter in tho tido-wator, tho 
deposit probably amounts to far more in a year than would bo 
let fall upon the same area by the Rhine. 

This argument, except as to the comparison between river 
and tido water, applies to the Mississippi, tho Po, and most other 
great rivers. Hence, until that distant day when man shall do- 

• Eri1hitn<1c % vol. i., p. Tho Mihf»iiwippi—a river “ undercharged with 
sediment"—with a moan dischargo of about ton times that of the Rhino, 
dopoMifo a oubio geographical mile in thirty-throo years. 
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vise mean8 of extracting from rivers at flood, the wliolo volume 
of their suspended material and of depositing it at the same 
time on their banks, the system of cross-dikes and cobnatage 
must be limited to torrential streams transporting large propor¬ 
tions of sediment, and to the rivers of hot countries, like the 
Kile, where the saturation of the 6oil with water, and the secur¬ 
ing of a supply for irrigation afterwards, are the main objects, 
while raising the level of the banks is a secondary consider¬ 
ation. 



CHAPTER V. 


THE SANDS. 


Origin of Sand—Sand now Carried to the Sea—Beach Sands of Northern 
Africa—Sands of Egypt—Sand Dunes and Sand Plains—Coast Dunes— 
Sand Banks—Character of Dune Sand—Interior Structure of Dunes— 
Geological Importance of Dunes—Dunes on American Coasts—Dunes 
of Western Europe—Age, Character, and Permanence of Dunes—Dunes 
as a Barrier against the Sea—Encroachments of the Sea—Liimfjord— 
Coasts of Schleswig-Holstein, Netherlands, and Franco—Movement of 
Dunes—Control of Dunes by Mon—Inland Dunes—Inland Sand Plains. 

Origin of Sand . 

Sand, which is found in beds or strata at tlio bottom of tho 
sea or in the channels of rivers, as well as in extensive de¬ 
posits upon or beneath the surface of the dry land, appears to 
consist essentially of the detritus of rocks. It is not always by 
any means clear through what agency tlio solid rock lias been 
reduced to a granular condition; for there arc beds of quart- 
zose sand, where the sharp, angular shape of tho particles ren¬ 
ders it highly improbable that they have been formed by 
gradual abrasion and attrition, and where tho supposition of a 
crushing mechanical force scorns equally inadmissible. In 
common sand, the quartz grains arc the most numerous; hut 
this is not a proof that the rocks from which these particles 
were derived were wholly, or even chiefly, quartzoso in charac¬ 
ter ; for, in many composite rocks, as, for example, in the gran¬ 
itic group, tho mica, felspar, and hornblendo aro more easily 
decomposed by chemical action, or disintegrated, comminuted, 
and reduced to an impalpable stato by mechanical force, than 
the quartz. In tho destruction of such rocks, therefore, tho 
quartz would survive the other ingredients, and remain un- 
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mixed, when they had been decomposed and recomposed into 
new mineralogical or chemical combinations, or been ground 
to slime and washed away by water currents. 

The greater or less specific gravity of the different constitu¬ 
ents of rock doubtless aids in separating them into distinct 
masses when once disintegrated, though there are veined and 
stratified beds of sand where the difference between the upper 
and lower la}’ers, in this respect, is too slight to bo supposed 
capable of effecting a complete separation.* In cases where 
rock has been reduced to sandy fragments by heat, or by ob¬ 
scure chemical and other molecular forces, the sand-beds may 
remain undisturbed, and represent, in tho series of geological 
strata, tho solid formations from which they were derived. 
Tho largo masses of sand not found in place have been trans¬ 
ported and accumulated by water or by wind, tho former being 
generally considered the most important of these agencies; for 
the extensive deposits of tho Sahara, of the Arabian peninsulas, 
of the Llano Estacado and other North and South American 
deserts, of tho deserts of Persia, and of that of Gobi, are sup¬ 
posed to have boon swept together or distributed by marine cur¬ 
rents, and to have been elevated abovo tho ocean by the same 
means as other upheaved strata. 

Meteoric and mechanical influences are still active in the re¬ 
duction of rocks to a fragmentary state; f but tho quantity of 

* In the curiously variegated sandstono of Arabia Petrosa—which is cortain¬ 
ly a rcaggTCgation of loose sand derivod from disaggregation of older rocks— 
the contiguous veins frequently diffor very widely in color, but not sensibly in 
specific gravity or in toxturo; and the singular way in which they are now al¬ 
ternated, now confusedly intermixed, must bo explained otherwise than by 
the weight of the respective grains which compose them. They seem, in fact, 
to have been let fall by water in violent ebullition or tumultuous mechanical 
agitation, or deposited by a succession of suddon aquatio or aerial currents 
flowing in different directions and oharged with differently colored matter. 

f A good aeoount of the agenoies now operative in the reduction of rook to 
•and will be found in Winkler, Zand on Du inert , Dockarm, 1803, pp. 4-20. 
X take this occasion to acknowledge my obligations to this author for assuming 
the responsibility of many of the errors I may have committed in this chapter, 
by translating a large part of it from a former edition of the present work 
and publishing it sa his own. 
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sand now transported to tho sea scorns to bo comparatively 
inconsiderable, because—not to speak of the absence of diluvial 
action—the number of torrents emptying directly into the sea 
is much less than it was at earlier periods. The formation of 
alluvial plains in maritime bays, by tho sedimentary matter 
brought down from tho mountains, has lengthened tho flow of 
such streams and converted them very generally into rivers, or 
rather affluents of rivers of later geographical origin than them¬ 
selves. The filling up of tho estuaries has so reduced the slope 
of all large and many small rivers, and, consequently, so 
checked tho current of what tho Germans call their U’ntm'lauf 
or lower course, that they are much less able to transport heavy 
material than at earlier epochs. Tho slime deposited by rivers 
at their junction with tho 6ea, is usually found to be composed 
of material too finely ground and too light to bo denominated 
sand, and it can bo abundantly shown that tho sand-banks at tho 
outlet of most large streams aro of tidal, not of fluviatile, accu¬ 
mulation, or, in lakes and tideless seas, a result of tho concur¬ 
rent action of waves and of wind. 

Largo deposits of sand, therefore, must in general bo consid¬ 
ered as of ancient, not of recent formation, and many eminent 
geologists ascribe them to diluvial action. Staring has discussed 
this question very fully, with special reference to tho sands of 
the North Sea, the Zuiderzee, and the bays and channels of tho 
Dutch const.* His general conclusion is, that tho rivers of tho 

• JJe Budaa ntn Xahrluml, i., pp. 2 * 12 , 21(»-!'*?7 it nctyj, Sco also tho ar¬ 
guments of Bn montier as to tho origiu of the duue-Hauda of Ga>*o »ny, Ah tittle* 
<li'« rout* ct Ch*iHimee* 9 lor seincstro, pp. 15$, l(»l. Brciuoutlcr estimate* 
tho band annually thrown up on that coast ut five cubic toiscs and two feet to 
the running to iso (ubi supra, p. 102/, or rather more than two lmndrod and 
twenty cubio feet to tho runniug foot. Laval, upon observations continued 
through seven years, fouud tho quantity to bo twenty-five metres per running 
metre, which is equal to two hundred and sixty-eight cubic foot to tho running 
foot.— Annate* dc* Pont* ct Cha uWrw, 18*12, 2 mo souicstro, p. 220 . Thoso 
computations mako tho proportion of sand Ue]>oKi;od on tho coast of Gascony 
thmo or four times an great as that observod by Aiulrcscn on tho shores of Jut- 
laud. Laval estimates tho total quantity of sand annually thrown up on tho 
ooa.vt of Gascony at 0 , 000,000 cubic metros, or more than 7 , 800,000 cubio yards. 
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Netherlands “move sand only by a very slow displacement of 
6and-banks, and do not carry it with them as a suspended or 
floating material.” The sands of the Gorman Ocean he holds 
to bo a product of the “ great North Gorman drift,” deposited 
where they now lie before the commencement of the present 
geological period, and ho maintains similar opinions with regard 
to the sands thrown up by the Mediterranean at the mouths of 
the Nile and on the Barbary coast.* 

Sand now carried to the Sea . 

There aro, however, cases where mountain streams still bear 
to the sea perhaps relatively small, but certainly absolutely 
largo, amounts of disintegrated rock.f The quantity of sand 

• Da Dodcm van Nederland , i., p. 339. 

f Tho conditions favorable to the production of sand from disintegrated 
rock, by causes now in notion, are perhaps nowhere more perfectly realized 
than in the Sinaitio Peninsula. Tho mountains aro Btccp and lofty, unpro¬ 
tected by vegetation or even by a coating of earth, and tho rocks which com¬ 
pose them aro in a shattered and fragmentary condition. They aro furrowed 
by deep and precipitous ravines, with beds sufficiently inclined for tho rapid 
flow of water, and generally without basins in which the largor blocks of stone 
rolled by tho torrents can bo dropped and loft in repose; thcro aro sever© 
frosts and much snow on tho higher summits and ridges, and the winter rains 
are abundant and heavy. The mountains aro principally of igneous formation, 
but many of tho loss elevated peaks are capped with sandstone, and on the 
eastern slope of tho peninsula you may sometimes soo, at a singlo glanco, 
several lofty pyramids of granite, separated by considerable intervals, and all 
surmounted by horizontally stratified deposits of sandstone often only a few 
yards square, which correspond to eaoh other in height, aro evidently contem¬ 
poraneous in origin, and were once oonnootod in continuous bods. Tho degra¬ 
dation of the rock on which this formation rests is constantly bringing down 
massos of it, and mingling thorn with the basaltic, porphyritio, granitic, and 
calcareous fragments whioh the torrents oarry down to the vaUoys, and, through 
them, in a state of greater or less disintegration, to the sea. The quantity of 
sand annually washed into the Red Sea by the larger torrents of tho Lesser 
Peninsula, is probably at loast equal to that contributed to the oooan by any 
streams draining basins of no greater extent. Absolutely considered, then, the 
mass may be said to be large, but it is apparently very small as compared with 
the sand thrown up by the German Ooean and the Atlantic on the coasts of 
Denmark and of France. There are, indeed, in Arabia Petroa, many torrents 
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and gravel carried into the Mediterranean by the torrents of the 
Maritime Alps, the Ligurian Apennines, the islands of Corsica, 
Sardinia, and Sicily, and the mountains of Calabria, is appa¬ 
rently great. In mero mass, it is possible, if not probable, that 
as much rocky material, more or less comminuted, is contributed 
to the basin of the Mediterranean by Europe, even excluding 
the shores of the Adriatic and the Euxine, as is washed up from 
it upon the coasts of Northern Africa and Syria. A great part 
of this material is thrown out again by the waves on the Euro¬ 
pean shores of that sea. The harbors of Luni, Albcnga, San 
Remo, and Savona west of Genoa, and of Porto Fino on tlio 
other side, are filling up, and tho coast near Carrara and Massa 
is said to have advanced upon tho sea to a distance of 475 feet 
in thirty-tlireo years.* Besides this, wo liavo no evidence of tho 
existence of deep-water currents in tho Mediterranean, extensive 
enough and strong enough to transport quartzose sand across 

with very short courses, for tho sea*waves in many parts of tho peninsular 
coast wash tho base of tho mountains. In these cases, the debris of tho rooks 
do not reach tho sea in a sufficiently comminuted condition to bo entitlod to 
the appellation of sand, or even in the form of well-rounded pobblos. Tho 
fragments retain their annular shapo, and, at some points on the coast, they be¬ 
come cemented together by lime or other binding substances hold in solution 
or mechanical suspension in tho sea-water, and are so rapidly converted into 
a singularly heterogeneous conglomerate, that one doposifc seems to be con¬ 
solidated into a breccia before the next winter's torrents cover it with an¬ 
other. 

In the northom part of tho peninsula thoro aro expensive deposits of sand 
intermingled with agate pebbles and potriiiod wood, but these aro evidently 
neither dorivod from the Sinaitio group, nor products of looal causes known 
to be now in action. 

I may hero notioo tho often repeated but mistaken assertion, that the petri¬ 
fied wood of tho Western Arabian desort consists wholly of the stoms of palms, 
or at least of endogenous vegetables. This is an error. I havo xnysolf 
picked up in that desert, within the spaoo of a very few square yards, frag¬ 
ments apparently of fossil palms, and of at loasfc two petrified trees distinctly 
marked as of exogenous growth both by annular structure and by knots. In 
ligneous character, one of these almost precisely resembles the grain of the 
extant beeoh, and this specimen was worm* oaten before it was oonverted into 
silex. 

* BOttobb, Dot MUtdnuer, p. 128. 
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the 6ca. It may be added that much of the rock from which 
the torrent sands of Southern Europe are derived contains little 
quartz, and henco the general character of these sands is such 
that they must be decomposed or ground down to an impalpa¬ 
ble slime, long before they could be swept over to the African 
shore. 


Sands of Northern Africa . 

The torrents of Europe, then, do not at present furnish the 
material which composes the beach sands of Northern Africa, 
and it is equally certain that those sands are not brought down 
by the rivers of the latter continent. They belong to a remote 
geological period, and have been accumulated by causes which 
wo cannot at present assign. Tho wind does not stir water to 
great depths with suflicient force to disturb tho bottom,* and 

* Tho testimony of divers and of other observers on this point is conflicting, 
as might bo expected from the infinite variety of conditions by which tho 
movement of water is affected. It is generally believed that the action of 
tbe wind upon tbo wator is not porcoptible at greater depths than from fifteen 
feet in ordinary to eighty or ninety in extreme cases; but these estimates are 
probably very considerably below tho truth. Andrcscu quotes Brcmontier as 
stating that tho movement of the waves sometimes oxtends to tho depth of five 
hundred foot, and ho adds that othors think it may renob to six or oven seven 
hundred feet below the surface.— Andhkskn, Otn Kl it formations, p. 20. 

Many physicists now suppose that the undulations of great bodies of water 
reach even deeper. But a movement of undulation is not nccessaiily a move¬ 
ment of translation, and besides, there is very frequently an undertow, which 
tends to carry suspended bodios out to soa as powerfully as tbo superficial 
waves to throw them on shore. Sand-banks sometimes recede from the coast, 
instead of rolling towards it Boclus informs us that tho Mauvaise, a sand-bank 
near the Point de Grave, on the Atlantio ©oast of France, has moved five 
miles to the west in less than a oentury .—Revue de* Deux Monde* tor Decem¬ 
ber, 1802, p. 005. 

The action of currents may, in some cases, have boon confounded with that 
of the waves. Sea-currents, strong enough, possibly, to transport sand for 
some distance, flow for below the surface in parts of the open ocean, and in 
narrow straits they have great force and velocity. The divers employed at 
Constantinople in 1858 found in the Bosphorus, at the depth of twenty-five 
fathoms and at a point muoh exposed to the wash from Galata and Peru, a 
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the sand thrown upon the coast in question must ho derived 
from a narrow belt of sea. It mubt hence, in time, becomo ex¬ 
hausted, and the formation of new sand-banks and dunes upon 
tho southern shores of the Mediterranean will cease at last for 
want of material. * 

But even in the cases where the accumulations of sand in 
extensive deserts appear to be of marine formation, or rather 
aggregation, and to have been brought to their present position 
by upheaval, they are not wholly composed of material collect¬ 
ed or distributed by tho currents of tho sea; for, in all such 
regions, they continue to receive some small contributions from 
tho disintegration of tho rocks which underlie, or crop out 
through, tho superficial deposits.f In some instances, too, as in 


number of bronzo guns supposed to bavo belonged to a ship-of-war blown up 
about a hundred and fifty years boforo. Thci.o guns woro not oovored by sand 
or slime, though a crust of earthy matter, au inch in tbicknoss, adhered to 
their upper surfaces, aud tho bottom of tho strait appeared to bo wholly froo 
from sediment. Tho current was so i>o\vcrful at this depth that tho divers 
were hardly ablo to stand, and a keg of nails, purposely dropped into tho 
water, in order that its movements might servo as a guido in tbo search for a 
bag of coin accidentally lost overboard from a ship in tho harbor, was rolled 
by the stream several hundred yards before it stopped. 

• Few seas bavo thrown up so much sand as tho shallow German Ocoan; 
but thero is some reason to think that tho amount of this material now oast 
upon its northern shoros is less than at somo former periods, though no oxten- 
•ivo series of observations on this subject has been recorded. On tho Spit of 
Aggor, at tho present outlot of tho Liimfjord, Androson found tho quantity 
during ten yean, on a beach about five hundred and sovonty foot broad, oqual 
to an annual deposit of on inoh and a half ovor tho whole surfaoo .—Otn Klit• 
formation cn y p. CO. 

This gives soventy-ono and a quartor cubic foot to tho running foot—a 
quantity cortainly much sraallor than that cast up by tbo same sea on the shores 
of tho Dano-German duchies and of Holland, and, oa wo havo soon, sooroely 
one-fourth of that deposited by tho Atlantic on tho ©oast of Gascony. 

f Soo, ou this subjoct, on article in Au* dvr Xatur , vol. xxx., p. COO, 

Tho Florentine Fresoobaldi, who visited tho Sinaitio peninsula five hundred 
years ago, obsorvod tho powerful action of tho solar heat in tho disintegration 
of tho desort rocks. 44 This place,” says ho, 44 was a ridgo of rocks burnt to 
powder by the sun, and this powder is blown away from tho rook by tho wind 
and is tho sand of tho desert; and tbore bo many hills whioh are pur# boro 
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Northern Africa, additions aro constantly made to the mass by 
the prevalence of sea-winds, which transport, or, to speak more 
precisely, roll the finer beach-sand to considerable distances 
iuto the interior. But this is a very slow process, and the ex¬ 
aggerations of travellers have diffused a vast deal of popular 
error on the subject. 


Sands of Egypt . 

In the narrow valley of the Nile—which, above its bifurca¬ 
tion near Cairo, is, throughout Egypt and Nubia, generally 
bounded by precipitous cliffs—wherever a ravine or other con¬ 
siderable depression occurs in the wall of rock, one sees what 
seems a stream of desert sund pouring down, and common 
observers have hence concluded that the whole valley is in 
danger of being buried under a stratum of infertile soil. The 
ancient Egyptians apprehended this, and erected walls, often 
of unburnt brick, across the outlet of gorges and lateral val¬ 
leys, to check the flow of the sand-streams. In later ages, 
these walls have mostly fallen into decay, and no preventive 
measures against such encroachments arc now resorted to. But 
the extent of the mischief to the soil of Egypt, and the future 
danger from this source, have been much overrated. The 6and 
on the bordors of the Nile is neither elevated 60 high by tho 
wind, nor transported by that agency in 60 great masses, as is 
popularly supposed; and of that which is actually li fted or 
rolled and finally deposited by air-currents, a considerable 

rock, and when the buu parchetk thorn, tho wind carries off the dust, and 
other sand is there none in that land.”— Vutggio , pp. 00, 70. 

In Arabia Petnca, when a wind, poworful enough to soour down below the 
ordinary surface of the desert and lay bare a fresh bed of stonos, is followed 
by a sudden burst of sunshine, tho dark agate pebbles are often cracked and 
broken by the heat; and this is the truo explanation of the ooourrenco of the 
fragments in situations where the aotion of firo is not probablo. If the frag¬ 
ments are smaU enough to be rolled by tho winds, they are in time ground 
down to sand and oontributo to tho stook of that material which covers the 
face of the desert, though the sand thus formed is but su infinitesimal pro¬ 
portion of the whole. 
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proportion is cither calcareous, and, therefore, readily decom¬ 
posable, or in the state of a very fine dust, and so, in neither 
case, injurious to the soil. There are, indeed, both in Africa 
and in Arabia, considerable tracts of hue, silicious sand, which 
may be carried far by high winds, but these are exceptional ca¬ 
ses, and in general the progress of the desert sand is by a rolling 
motion along the surface.* So little is it lifted, and so incon- 

+ Sand heap i, three and even sis hundred feet high, are indeed formod by 
the wind, but this is effected by driving the particles up on inclined plane, not 
by lifting them. Br&montier, speaking of tho sand-hills on the western 
coast of France, says: “ The partioles of sand composing them are not large 
enough to resist wind of a certain force, nor smaU enough to be tuken up by 
it, like dust; they only roll along the surface from which they aro detached, 
and, though moving with great velocity, they rarely ruo to a greater hoight 
than three or four inches."— Memoirs sur la Dunes , Annala da Pouts et Chaus- 
sea , 18!)3, ler somestre, p. 148. 

Andresen says that a wind, having a velocity of forty feet per second, is 
strong enough to raise particles of sand as high as tho face and eyes of a man, 
but that, in general, it roils along the ground, and is scarcely ever thrown 
more than to the height of a couplo of yards from tho surface. Even in 
theso car.cs, it is carried forward by a hopping, not a continuous, motion; for 
a very narrow shoot or channel of water stops the drift entiroly, aU tho sand 
dropping into it until it is filled up. 

Bluko observes, Pacific Railroad Report, vol. v., p. 243, that the sand of the 
Colorado desert does not rise high in the air, but bounds along on tho surface 
or only a few inches above it. 

Tho character of the motion of sand drifts is wcU illustrated by an inter¬ 
esting fact not much noticed hitherto by travellers in the East. In situa¬ 
tions where the sand is driven through depressions in rock-beds, or over do- 
posits of silicious pobblcs, tho surfaco of tho stone is worn and smoothed 
much more effectually than it could be by running water, and I have picked 
up, in such localities, rounded, irrogularly broken fragments of agato, which 
had received from the attrition of the sand as fino a polish os could be given 
them by the wheol of the lapidary. 

Very interesting observations, by Blake, on tho polishing of hard stones by 
drifting sand will be found in the Pacific Railroad Report , vol. v«, pp* 02, 
230, 231. 

The grinding and polishing power of sand has lately reoeived a new and most 
ingenious application in America. Jets of sand, and even of small partioles 
of softer substances, thrown with a certain force, are found oapable of cutting 
the hardest minerals and metals. A block of corundum, somo inches thick, 
has been bored through in a few minutes by this process, and it promisee to 
be highly useful in glass-cutting and other similar operations. 
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6 iderablo is the quantity yet remaining on the borders of 
Egypt, that a wall four or five feet high suffices for centuries 
to check its encroachments. This is obvious to the eye of 
every observer who prefers the true to the marvellous; but 
the old-world fable of the overwhelming of caravans by the 
fearful simoom—which even the Arabs no longer repeat, if 
indeed thoy are the authors of it—is so thoroughly rooted in 
the imagination of Christendom that most desert travellers, of 
the tourist class, think they shall disappoint the readers of 
their journals if they do not recount the particulars of their 
escape from being buried alive by a sand-storm, and the 
popular demand for a “ sensation ” must be gratified accord¬ 
ingly. * 

Another circumstance is necessary to be considered in esti¬ 
mating the danger to which the arable lands of Egypt are 
exposed. The prevailing wind in the valley of the Nile and 
its borders is from the north, and it may be said without 
exaggeration that the north wind blows for three-quarters of 
the ycar.f The effect of winds blowing up the valley is to 
drive the sands of the desert plateau which border it, in a 
direction parallel with the axis of tho valley, not transversely 
to it; and if it ran in a straight line, tho north wind would 


* Wilkinson says that, in much experience in the most sandy parts of tho 
Libyan desert, and much inquiry of the best native sources, he never saw 
or hoard of any instance of danger to man or beast from tho mere accumu¬ 
lation of sand transported by tho wind. Chosnoy’s observations in Arabia, 
and the testimony of the Dedouius he consulted, are to tho same purposo. 
The dangers of the simoom are of a different character, though they aro 
certainly aggravated by the blinding effects of the light particles of dust 
and sand borne along by it, and by that of the inhalation of thorn upon the 
respiration. 

t In the narrow valley of the Kile, bounded as it is, abovo the Delta, by 
high cliffs, all air-currents from the northern quarter bccomo north winds, 
though of course varying in partial direction, in oonformlty with the sinu¬ 
osities of the vaUey. Upon the desert plateau thoy incline westwards, 
and havo already borne into the valley the sands of the eastern banks, 
and driven those of the western quite out of the Egyptian portion of the 
Kile basin. 




SANDS OF EGYPT. 


555 


carry no desert sand into it. There are, however, both curves 
and angles in its course, and hence, wherever its direction de¬ 
viates from that of the wind, it might receive sand-drifts from 
the desert plain through which it runs. But, in the course of 
ages, the winds have, in a great measure, bared tho projecting 
points of their ancient deposits, and no great accumulations 
remain in situations from which either a north or a south wind 
would carry them into tho valley.* 

Tho sand let fall in Egypt by the north wind is derived, not 
from tho desert, but from a very different source—tho 6ca. 
Considerable quantities of sand arc thrown up by the Mediter¬ 
ranean, at and between tho mouths of tho Nile, and indeed along 
almost tho whole southern coast of that sea, and drifted into 
the interior to distances varying according to tho force of tho 
wind and tho abundance and quality of tho material. Tho 
sand so transported contributes to the gradual elevation of tho 
Delta, and of the banks and bed of tho river itself. But just 
in proportion as tho bed of tho stream is elevated, tho height 
of the water in the annual inundations is increased also, and as 


* Thcso considerations apply, with equal force, to tho supposed danger of 
the obstruction of tho Suez Canal by tho drifting of tho dcsorfc sands. 
Tho winds across the isthmus aro almost uniformly from tho north, and 
they swept it comparatively clean of llyiug earnls long ages sinco. Tho 
traces of tho ancient canal between the Red Sea and tho Nilo aro easily 
followod for a considerable distance from Suez. Ilad tho drifts upon tho 
isthmus been os formidable as somo havo feared and others havo hoped, those 
traces would havo boon obliterated, and Lake Timsah and tho Biltor Lakos 
filled up, many centuries ago. Tho few particles driven by tho raro oast and 
west winds towards tho lino of tho canal, will easily bo arrestod by planta¬ 
tions or other simplo methods, or removed by dredging. Tho roal daugors 
and difficulties of this magnificent onterprioO—and they havo been groat— 
consisted in tho naturo of tho soil to bo romoved in order to form tho lino, 
and especially in tho constantly increasing accumulation of sca»sand at the 
southern terminus by tho tides of tho Rod Soa, and of sand and Nile slimo at 
tho northern, by tho action of tho winds and currents. Both seas aro shallow 
for milos from tho shore, and tho excavation and maintonanco of doop chan¬ 
nels, and of capaoioos harbors with easy and secure entrances, in suoh locali¬ 
ties, is doubtloss one of the hardest problems offered to modem engineers for 
practioal solution. See post, Geological Importance of Dunes, note. 
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tho inclination of the channel is diminished, the rapidity of the 
current is checked, and the deposition of the slimo it holds in 
suspension consequently promoted. Thus the winds and tho 
water, moving in contrary directions, join in producing a com¬ 
mon effect. 

The sand, blown over the Delta and the cultivated land 
higher up tho stream during tho inundation, is covered or 
mixed with tho fertile earth brought down by the river, and 
no serious injury is sustained from it. That spread over tho 
same ground after tho water has subsided, and during tho 
short period when the soil is not stirred by cultivation or cov¬ 
ered by the flood, forms a thin pellicle over the surfaco as far 
as it extends, and serves to divide and distinguish the succes¬ 
sive layers of slimo deposited by the annual inundations. The 
particles taken up by tho wind on tho sca-boach aro borne on¬ 
ward, by a hopping motion, or rolled along tho surfaco, until 
they aro arrested by the temporary cessation of tho wind, by 
vegetation, or by somo other obstruction, and they may, in 
process of time, accumulate in largo masses, under tho leo of 
rocky projections, buildings, or other barriers which break tho 
force of tho wind. 

In these facts wo find an important element in the explanation 
of tho sand drifts, which have half buried the Sphinx and so 
many other ancient monuments in that part of Egypt. These 
drifts, as I have said, are not wholly from tho desert, but in 
largo proportion from tho 6ca; and, as might bo supposed from 
the distance they have travelled, they have boon long in gather¬ 
ing. While Egypt was a great and flourishing kingdom, 
measures wero taken to protect its territory against tho encroach¬ 
ment of sand, whether from the desert or from tho Mediter¬ 
ranean ; but the foreign conquerors, who destroyed so many of 
its religious monuments, did not spare its public works, and the 
process of physical degradation undoubtedly began as early as 
the Persian invasion. The urgent necessity, which has com¬ 
pelled all the* successive tyrannies of Egypt to keep up some of 
tho canals and other arrangements for irrigation, was not felt 
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with respect to the advancement of the sands; for their pro¬ 
gress was so slow as hardly to be perceptible in the course of a 
single reign, and long experience has shown that, from the na¬ 
tural effect of the inundations, the cultivable soil of the valley 
is, on the whole, trenching upon the domain of the desert, not 
retreating before it. 

The oases of the Libyan, as well as of many Asiatic deserts, 
have no such safeguards. The sands aro fast encroaching Upon 
them, and threaten soon to engulf them, unless man shall 
resort to artesian wells and plantations, or to some other ef¬ 
ficient means of checking the advance of this formidable 
euemy, in time to save these islands of tho waste from final de¬ 
struction. 

Accumulations of sand are, in certain cases, beneficial as a 
protection against the ravages of tho sea; but, in general, tho 
vicinity, and especially tho shifting of bodies of this material, 
are destructive to human industry, and licnco, in civilizod 
countries, measures aro taken to prevent its spread. This, 
however, can be done only where the population is largo and 
enlightened, and tho value of the soil, or of tho artificial erec¬ 
tions and improvements upon it, is considerable. Hence in 
the deserts of Africa and of Asia, and the inhabited lands 
which border on them, no pains are usually taken to check the 
drifts, and when once the fields, the houses, tho springs, or the 
canals of irrigation aro covered or choked, tho district is aban¬ 
doned without a struggle, and surrendered to porpetual deso¬ 
lation. 44. 


* In parts of tho Algerian desert, somo cfTo.-La aro xnado to rotard the ad¬ 
vance of sand dunes which threaten to overwhelm villages. “ At Dobila,” 
says Laurent, 44 tho lower parts of the lofty dunes arc planted with palms, 
. . . bat thoy aro constantly menaced with burial by the sands. Tho only 
remedy omployod by tho natives consists in little dry walls of crystallized 
gypsum, built on the ercBts of the dunes, together with hedges of dead palm- 
leaves. These defensive measures aro nidod by incessant labor; for every 
day the people take up in baskets the sand blown over to them the night 
beforo and oarzy it book to tbe other side of the dona. ” —Memoir a tur U 
Sahara, p. 14. 
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Sand Dunes a?id Sand Plains . 

Two forms of sand deposit are specially important in Eu¬ 
ropean and American geography. The one is that of dune or 
shifting hillock upon the coast, the other that of barren plain 
in the interior. The coast-dunes are composed of sand washed 
up from the depths of the sea by the waves, and heaped in 
more or less rounded knolls and undulating ridges by the winds. 
The sand with which many plains aro covered appears some¬ 
times to have been deposited upon them while they were yet 
submerged beneath the sea, sometimes to havo been drifted 
from the seacoast, and scattered over them by wind-currents, 
sometimes to havo been washed upon them by running water. 
In these latter casos, the deposit, though in itself considerable, 
is comparatively narrow in extent and irregular in distribution, 
while, in the former, it is often evenly spread over a very wido 
surface. In all great bodies of either sort, the silicious grains 
are the principal constituent, though, when not resulting from 
the disintegration of silicious rock and still remaining in place, 
they are generally accompanied with a greater or less admix¬ 
ture of other mineral particles, and of animal and vegetable re¬ 
mains,* and they are, also, usually somewhat changed in con- 

* Organic constituents, such as comminuted shells, and silicious and cal- 
oareous oxuvioo of infusorial animals and plants, aro sometimes found minglod 
in considerable quantities with mineral sands. These aro usually the remains 
of aquatio vegetables or animals, but not uniformly so, for tho microscopic 
organisms, whose flinty oases outer so largely into the sand-beds of the Mark 
of Braudonburg, are still living and prolific in the dry earth. Seo Wittwer, 
rhy*ikali*chc Geography p. 143. 

The desert od both sides of the Nile is inhabited by a land-snail—of whioh 
I have counted eighty, in estimation, on a single shrub barely a foot high—and 
thousands of its shells are swept along and finally buried in the drifts by every 
wind. Every handful of the sand contains fragments of them. Forcuiiam- 
M Ell, in Lkonxiard und Buonn’s Jahrbnch , 1841. p. 8. says of tho sand-hills 
of the Danish coast: “It is not rare to find, high in the knolls, marino shells, 
and especially those of the oyster. They are due to tho oyster-eater [Ufrmahpiie 
oetralegue ], whioh oarries his prey to the top of the dunes to devour it” See 
also Staking, De Bodem van Nederland, i, p. 821. 
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sistence by the ever-varying conditions of temperature and 
moisture to which they have been exposed since their deposit. 
Unless the proportion of these latter ingredients is so largo as 
to create a considerable adhesiveness in the mass—in which case 
it can no longer properly bo called sand—it is infertile, and, if 
not charged with water, partially agglutinated by iron, lime, or 
other cement, or confined by alluvion resting upon it, it is much 
inclined to drift, whenever, by any chance, the vegetable net¬ 
work which, in most cases, thinly clothes and at tho same time 
confines it, is broken. 

Human industry lias not only fixed tho flying dunes by plan¬ 
tations, but, by mixing clay and other tenacious earths with tho 
superficial stratum of extensive sand plains, and by tho applica¬ 
tion of fertilizing substances, it has made them abundantly pro¬ 
ductive of vegetable life. These latter processes belong to agri¬ 
culture and not to geography, and, therefore, aro not embraced 
within the scope of tho present subject. lint tho preliminary 
steps, whereby wastes of loose, drifting barren sands aro trans¬ 
formed into wooded knolls and plains, and finally, through tho 
accumulation of vegetable mould, into arable ground, constitute 
a conquest over nature which precedes agriculture—a geogra¬ 
phical revolution—and, therefore, an account of tho means by 
which the change has been effected belongs properly to tho 
history of man’s influence on tho great features of terrestrial 
surface. I proceed, then, to examine tho structure of dunes, 
and to describe the warfare man wages with tho sand-hills, 
striving on the one hand to maintain and even extend them, os 
a natural barrier against encroachments of the sea, and, on the 
other, to check their moving and wandering propensities, and 
prevent them from trespassing upon the fields he has plauted 
and the habitations in which ho dwells. 


Coast Duties . 

Coast dunes are oblong ridges or round hillocks, formed by 
the action of the wind upon sands thrown up by the waves on tho 
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low beaches of seas, and sometimes of fresh-water lakes. On 
most coasts, the supply of sand for the formation of dunes is 
derived from tidal waves. The flow of the tide is more rapid, 
and consequently its transporting power greater, than that of 
the ebb; the momentum, acquired by the heavy particles in 
rolling in with the water, tends to carry them even beyond the 
flow of the waves; and at the turn of the tide, the water is in a 
state of repose long enough to allow it to let fall much of the 
solid matter it holds in suspension. Hence, on all low, tide- 
washed coasts of seas with sandy bottoms, there exist several 
conditions favorable to the formation of sand deposits along 
high-water mark.* If the land-winds are of greater frequency, 
duration, or strength than the sea-winds, the sands left by the 
retreating wave will bo constantly blown back into the water; 
but if the prevailing air-currents are in the opposite direction, 


* There are various reasons why the formation of dunes is confined to low 
shores, and this law is so universal, that when bluffs aro surmounted by them, 
there is always cause to suspect upheaval, or tho removal of a Bioping beach in 
front of tho bluff, after the dunes were formed. Bold shores aro usually with¬ 
out a sufficient beach for tho accumulation of large deposits ; they are com¬ 
monly washed by a sea too deep to bring up sand from its bottom; their abrupt 
elovation, even if moderate in amount, would still be too great to allow ordi¬ 
nary winds to lift tho Band above them; and their influence in deadening the 
wind which blows towards them would even more effectually prevent the rais¬ 
ing of sand from the beach at their foot. 

Forchhammer, describing the coast of Jutland, says that, in high winds, 
“ one can hardly stand upon the dunes, except when they arc near tho water 
line and have been cut down perpendicularly by tho waves. Then the wind 
is little or not at all felt—a fact of experience very common on our coasts, 
observed on all the steep shore bluffs of 200 feet hoight, and, in tho Faroe 
Islands, on preoipices 2,000 feet high. In hoavy gales in those islands, tho 
cattle fly to the very edge of the oliffs for shelter, and frequently fall over. 
The wind, impinging against the vertical wall, creates an ascending current 
whioh shoots somewhat past the crest of the rock, and thus the obsorver or 
the animal is proteoted against the tempest by a barrier of air.”— Leoniiard 
and Bronx, Jdhrbuch, 1841, p. 3. 

The calming, or rather diversion, of the wind by cliffs extends to a considera¬ 
ble distanoe in front of them, and no wind would have sufficient force to raise 
the sand vertically, parallel to the face of a bluff, even to the height of twenty 
feet 
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tho sands will soon bo carried out of the reach of the highest 
waves, and transported continually farther and farther into the 
interior of the land, unless obstructed by high grounds, vegeta¬ 
tion, or other obstacles. 

Tho laws which govern tho formation of dune3 are substan¬ 
tially these. We have seen that, under certain conditions, sand 
is accumulated above high-water mark on low sea and lake 
shores. So long as tho sand is kept wet by the spray or by 
capillary attraction, it is not disturbed by air-currents, but as 
soon as the waves retire sufliciently to allow it to dry, it becomes 
tho sport of tho wind, and is driven up tho gently sloping 
beach until it is arrested by stones, vegetables, or other obstruc¬ 
tions, and thus an accumulation is formed which constitutes tho 
foundation of a dune. However slight the elevation thus cre¬ 
ated, it serves to stop or retard the progress of tho sand-grains 
which are driven against its shoreward face, ami to protect 
from the further influence of tho wind tho particles which are 
borne beyond it, or rolled over its crc*t, and fall down behind 
it. If tho shore above the beach lino were perfectly level and 
straight, the grass or bushes upon it of equal height, the sand 
thrown up by tho waves uniform in size and weight of particles 
as well as in distribution, and if the action of the wind wore 
6 tcady and regular, a continuous bank would bo-formed, every¬ 
where alike in height and cross section. But no such constant 
conditions anywhere exist. The banks are curved, broken, un¬ 
equal in elevation ; they arc sometimes baro, sometimes clothed 
with vegetables of different structure and dimensions ; tho sand 
thrown up is variablo in quantity and character; and the winds 
are shifting, gusty, vortical, and often blowing in very narrow 
currents. From all these causes, instead of uniform hills, thoro 
riso irregular rows of sand-heaps, and theso, as would naturally 
be expected, are of a pyramidal, or rather conical 6hape, and 
connected at bottom by moro or less continuous ridgos of tho 
flame material. 

Elisce Rcclus, in describing tho coast dunes of Gascony, ob- 
florves that when, as sometimes happens, tho sands aro not heaped 
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in a continuous, irregular bulwark, but deposited in isolated 
hillocks, they have a tendency to assume a crescent shape, the 
convexity being turned seawards, or towards the direction from 
which the prevailing winds proceed. This fact, the geological 
bearing of which is obvious, is not noticed by previous French 
writers or even by Andresen, though a semi-lunar outline has 
been long generally ascribed to inland dunes. It is, however, 
evident that such a form would naturally be produced by the 
action of a wind blowing long in a given direction upon a mass 
of loose 6and with a fixed centre—such as is constituted by the 
shrub or stone around which the sand is first deposited—and 
free extremities. 

On a receding coast, dunes will not attain so great a height 
its on more secure shores, because they are undermined and 
carried off before they have time to reach their greatest dimen¬ 
sions. Hence, while at sheltered points in South-western 
France, there aro dunes three hundred feet or more in height, 
those on the Frisic Islands and the exposed parts of the coast of 
Schleswig-Holstein range only from twenty to one hundred feet. 
On the western shores of Africa, it is said that they sometimes 
attain an elevation of 6ix hundred feet. This is one of the 
very few points known to geographers where desert 6ands are 
advancing seawards,* and here they rise to the greatest altitude 
to which 6and-grains can be carried by the wind. 

The hillocks, once deposited, are held together and kept in 
shape, partly by mere gravity, and partly by the slight cohesion 
of the lime, clay, and organic matter mixed with the sand; and 
•it is observed that, from capillary attraction, evaporation from 
lower strata, and retention of rain-water, they are always moist 
a little below the surf ace. f By successive accumulations, they 
gradually rise to the height of thirty, fifty, sixty, or a hundred 


• “ On the west ooost of Afrioa the dunes axe drifting seawards, and always 
receiving new accessions from tho Sahara. They are constantly advancing 
out into the sea,”— Naum ann, Oeognotie , 1L, p. 1172. 

f “ Dunes are always fuU of water, from the action of capillary attraction. 
Upon the summits, one seldom needs to dig more than a foot to find the 
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feet, and sometimes even much higher. Strong winds, instead 
of adding to their elevation, sweep off loose particles from their 
surface, and these, with others blown over or between them, 
build up a second row of dunes, and so on according to the 
character of the wind, the supply and consistence of tho sand, 
and tho face of the country. In this way is formed a belt of 
sand-dunes, irregularly dispersed and varying much in height 
and dimensions, and sometimes many miles in breadth. On 
the Island of Sylt, in the German Sea, where there are several 
rows, the width of the belt is from half a mile to a mile. There 
are similar ranges on the coast of Holland, exceeding two miles 

snnd moist, and in the depressions, fresh filter is met with near tho Burfaco.’* 
—FniicirriAMUKU, iu Lt:oni:vrd und Hu:>xx, for lStl, p. r», note. 

On the other hand. Andrcsen, who has very carefully iu\estimated this ns 
well as all other dune phenomena, maintains that the humidity of tho sand 
ridges cannot he derived from capillary attiaction. Ho found hy experiment 
that a heap of drift-sand was not moistened to a greater height than eight 
and a half inches, after standing with iis n whole night in water. Ho 
states the minimum of water contained l>y the sand of tho dunes, one foot 
below tho surface, after a long drought, at two per cent., the maximum, aftor 
a rainy month, fit four per cent. At greater depths tho quantity is largor. 
The hygroscopicity of the Band of the coa>t. of Jutland ho found to be thirty- 
throe per cent, by measure, or 21..> by weight. Tho annual precipitation 
ou that coast is twenty-seven inches, and. ft* tho evaporation is about tho 
same, ho argues that rain-water does not pom.train far beneath the surface of 
tho dunes, and concludes that their humidity can bo explained only by evap¬ 
oration from below.— On * K Utfnrmn tnm rn , pp. l()ii-110. 

In the dunes of Algeria, water is so abundant that wells are constantly dug 
in them at high points on their surface. They are sunk to tho depth of threo 
or four incties only, and the water rises to the height of a metro iu them.— 
Lavucnt, Mi' moire unrlc Sn Jut ret, pp. 11. 12, U*. 

The same writer observes (p. 14) that, the hollows in tho dunes arc planted 
with palms which find moisture euough a little below tho surfaco. It w*ouid 
bunco seem that tho proposal to fix the dunes which are supposed to threaten 
the Suez Canal, by planting the maritime pirn* and other trees upon them, is 
not altogether so absurd as it has been thought to bo by xomo of those disin¬ 
terested philanthropists of other nations who were distressed with fears that 
French capitalists would lose the money they had invested in that great 
undertaking. 

Ponds of water are often found in tho depressions between the sand-hills of 
tho duno chains in the North American desort. 
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in breadth, whilo at tho mouths of the Nile they form a zone not 
less than ten miles wide. 

The base of some of the dunes in the Delta of tho Nile is 
reached by tho river during the annual inundation, and tho in¬ 
filtration of the water, which contains lime, has converted the 
lower strata into a silicious limestone, or rather a calcareous 
sandstone, and thus afforded an opportunity of studying the 
structure of that rock in a locality where its origin and mode of 
aggregation and solidification are known. 

The tide, though a usual, is by no means a necessary condi¬ 
tion for the accumulations of sand out of which dunes are 
formed. The Baltic and the Mediterranean are almost tideless 
seas, but there are vast ranges of dunes on the Russian and 
Prussian coasts of the Baltic and at the mouths of the Nile and 
many other points on the shores of the Mediterranean. The 
vast shoals in the lattor sea, known to tho ancients as the Great¬ 
er and Lesser Syrtis, are of marine origin. They are still fill¬ 
ing up with sand, washed up from greater depths, or sometimes 
drifted from the coast in 6inall quantities, and will probably be 
converted, at some future period, into dry land covered with 
sand-hills. There are also extensive ranges of dunes upon the 
eastern shores of the Caspian, and at tho southern, or rather 
south-eastern, extremity of Lake Michigan.* There is no doubt 
that this latter lake formerly extended much farther in that 
direction, but its southern portion has gradually shoaled and at 
last been converted into solid land, in consequence of tho preva¬ 
lence of the north-west winds. These blow over tho lake a largo 
part of tho year, and create a southwardly 60 t of tho currents, 
which wash up sand from the bed of the lake and throw it on 
shore. Sand is taken up from the beach at Michigan City by 
every wind from that quarter, and, after a heavy blow of some 


* The ooreful observations of Oolonel J. D. Graham, of the United,States 
Arm/, show a tide of about three Inohes in Lake Miohigan. See “A Lunar 
Tidal Wavo in the North Amerioan Lakes," demonstrated by Lieut.-Oolonel J. 
D. Graham, in the fourteenth volume of the Proceedings of the American Aeeth 
ciation for the Advancement of Science* 
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hours’ duration, 6and ridge3 may be observed on tho noxth sido 
of the fences, like the snow wreaths deposited by a drifting 
wind in winter. Some of the particles are carried back by con¬ 
trary winds, but most of them lodge on or behind the dunes, or 
in the moist soil near the lake, or are entangled by vegetables, 
and tend permanently to elevate the level. Like cffocts are 
produced by constant sea-winds, and dunes will generally be 
formed on all low coasts where such prevail, whether in tide- 
less or in tidal waters. 

Jobard thus describes the modus operandi , under ordinary 
circumstances, at tho mouths of tho Nile, where a tide can 
scarcely be detected: “When a wave breaks, it deposits an 
almost imperceptible lino of fine 6and. Tho next wave brings 
also its contribution, and shoves tho preceding lino a little 
higher. As soon as tho particles are fairly out of tho reach of 
tho water they are dried by tho heat of the burning sun, and 
immediately seized by tho wind and rolled or bonio farther in¬ 
land. Tho gravel is not thrown out by the waves, but rolls 
backwards and forwards until it is worn down to tho state of 
fine sand, when it, in its turn, is cast upon tho land and taken 
up by the wind.” * This description applies only to tho com¬ 
mon every-day action of wind and water; but just in propor¬ 
tion to tho increasing force of the wind and tho waves, there is 
an increase in the quantity of sand, and in the magnitude of 
tho particles carried off from tho beach by it, and, of course, 
every 6torm in a landward direction adds sensibly to tho accu¬ 
mulation upon tho shore. 


Sand Banks, 

Although dunes, properly 60 called, are found only on dry 
land and above ordinary high-water mark, and owo their eleva¬ 
tion and structure to the action of tho wind, yet, upon many 
shelving coasts, accumulations of sand much rcsombling dunes 
are formed under water at somo distance from tho 6horo by the 
# Stabxxo, Be Baton van Nederland, L, p. 327, note. 
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oscillations of tho waves, and are well known by the name of 
sand banks. They are usually rather ridges than banks, of 
moderate inclination, and with the steepest slope seawards,* 
and their form differs little from that of dunes except in this 
last particular and in being lower and more continuous. Upon 
the western coast of tho island of Amrum, for example, there 
are three rows of such banks, the summits of which are at a 
distance of perhaps a couple of miles from each other; 60 that, 
including tho width of the banks themselves, the spaces between 
them, and the breadth of the zone of dunes upon the land, tho 
belt of moving sands on that coast is probably not less than 
eight miles wide. 

Under ordinary circumstances, 6and banks are always rolling 
landwards, and they compose the magazine from which the 
material for tho dunes is derived.! The dunes, in fact, are but 
aquatic 6and banks transferred to dry land. The laws of their 
formation are closely analogous, because tho action of tho two 
fluids, by which they are respectively accumulated and built up, 
is very similar when brought to bear upon loose particles of 
solid matter. It would, indeed, seem that tho 6low and com¬ 
paratively regular movements of tho heavy, unelastic water 
ought to affect such particles very differently from tho 6uddcn 
and fitful impulses of tho light and elastic air. But tho velo¬ 
city of the wind currents gives them a mechanical force approx¬ 
imating to that of tho slower waves, and, however difficult it 
may be to explain all tho phenomena that characterize tho 

* Koul, ImcUi vnd JJarachcn Schlanrig IToUteins , ii., p. 33. From a draw¬ 
ing in Andueskn, Orn Klitformationcn , p. 24, it would appear that on tlio 
Schleswig coast the surf-formed hanks have the steepest slope landwards, 
those farther from the shore, as stated in tho text. 

f Sand banks sometimes connect themsolves with tho ooast at both onds, 
and thus cut off a portion of tho sea. In this case, as well as when salt water 
is enolosed by sea-dikes, the water thus separated from the ocean gradually 
beoomos fresh, or at least brackish. The Haffs, or largo expanses of fresh 
water in Eastern Prussia—which are divided from tho Baltio by narrow sand 
banks called Nehrungcn, or, at sheltered points of the coast, by fluviatilo 
deposits called Werders— oU have one or more open passages, through which 
the water of the rivers that supply them at lost finds its way to the sea. 
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structure of the dunes, observation has proved that it is nearly 
identical with that of submerged sand banks.* The differences 
of form arc generally ascribablo to the greater number and 
variety of surface accidents of the ground on which the sand 
hills of the land are built up, and to the more frequent changes, 
and wider variety of direction, in the courses of the wind. 

Character of Dana Sand. 

“Dune sand, 15 says Staring, “ consists of well-rounded grains 
of quartz, more or less colored by iron, and often mingled with 
fragments of shells, small indeed, but still visible to the naked 
cye.f Thc30 fragments are not constant constituents of duno 

* Forohhammor Ascribe tho resemblance between tho furrowing of the duno 
sands and tho beach ripples, not to the sirnilrnity of tho eft’eot of wind aud • 
water upon sand, but wholly to tho action of the wind ; hr tho lir»»t iusUnco, 
directly, in tho latter, through tho wator. u Vho wind-ripplos ou tho surfneo 
of the duucs precisely rcscmblo tho wator-rl 4 .plca of sand lints occasionally 
owrilowod by tho boa; and with tho closest scrutiny, I havo novor been ablo 
to detect tho slightest diilorcnco between thorn. This is easily explained by 
tho fact, that tho wator-ripplcs arc produced by tho action of light wind ou 
tho wator which only transmits tho air-waves to tho sand.’*— Leonhard und 
Bronn, 1841, pp. 7, 8. 

f According to tho French authorities, tho dunes of Franco aro not always 
composed of quartzoso wand. “ Tho duno sands ” of different characters, says 
Bre montier, “ partako of tho naturo of tho diiTorent materials which oomposo 
them. At certain points on tho coast of Normauuy they aro found to bo purely 
calcareous; they aro of mixed composition on tho shores of Brittany and 
Saintongo, and generally quartzoso between tho mouth of tho Girondo and 
that of tho Ad our.”— Mbnoin nur lcs Du net, Annuls dm Pouts ct Chaussiss^ t. 
vii., 1833, ler semestro, p. 140. 

In tho dunes of Long Island and of Jutland, thoro aro oonsidorablo veins 
composed almost wholly of garnet. For a very full examination of tho 
mechanical and ohomioal composition of tho duno sands of Jutland, soo 
Andukskx, Otu Klitjormutimaii p. 110. 

Frans informs us, Aus dr m Orient. pp. 173,177, that tho duno sands of tho 
Egyptian coast nriso from tho disintegration of tho colcaroous uandstono of tho 
same region. This sandbtono, composed in a largo proportion of doiritus of 
both land and soa shells mingled with quartz sand, appears to havo boon con¬ 
solidated uudor wator during an ancient poriod of subsideneo, A later up¬ 
heaval brought it to or near the surface, whon it was xnoro or loss dUintogra- 
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sand. They are sometimes found at the very summits of the 
hillocks, as at Overveen ; in the King’s Dune, near Egmond, 
they form a coarse, calcareous gravel very largely distributed 
• through the sand, while the interior dunes between Haarlem 
and Warmond exhibit no trace of them. It is yet undecided 
whether the presence or absence of these fragments is deter¬ 
mined by the period of the formation of the dunes, or whether it 
depends on a difference in the process by which different dunes 
have been accumulated. Land shells, such as snails, for exam¬ 
ple, are found on the surface of the dunes in abundance, and 
many of the shelly fragments in the interior of the hillocks may 
be derived from the same source.” * 

Sand concretions form within the dunes and especially in tho 
depressions between them. These are sometimes so extensive 
‘and impervious as to rotain a sufficient supply of water to feed 
perennial springs, and to form small permanent ponds, and 
they are a great impediment to the penetration of roots, and 
consequently to tho growth of trees planted, or germinating 
from self-sown seeds, upon tho dunes.f 

ted by the action of the waves and by meteorio influences—a process still going 
on—and it is now again subsiding with the ooast it rests on. 

The calcareous sand arising from the comminution of corals forms dunes 
on some of the West India Islands,— Agassiz, Bulletin of t/te Museum of Com* 
parntice Zoology } vol. i 

♦ Be Bodem van Nederland\ i., p. 323. 

f Staring, Be Bodem van Nederland , L, p, 817. See also BergsGe, 
Retention's VirksomJtcd, ii M p. 11. 

“ In the sand-hill ponds mentioned in the test, there is vigorous growth of 
bog plants aooompanied with the formation of peat, which goes on regularly 
as long as the dune sand does not drift But if the surface of the dunes is 
broken, the sand blows into the ponds, covers the peat, and puts an end to ite 
formation. When, in the course of time, marine currents out away the coast, 
the dunes move landwards and All up the ponds, and thus are formed the 
remarkable strata of fossils peat called Martdrv, which appears to be un¬ 
known to the geologists of other parts of Europe. ”— Forciiuamvier, in 
Leonhard und Bronn, 1841, p. 18* Martdrv has a speoifio gravity thrice 
as great as that of ordinary peat in oonsequenoe of the pressure of the sand. 
—AsiudRNSEN, Tervog Tcrvdrift , p. 86. 
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Interior Structure of Dunes. 

Tlio interior structure of the dunes, the arrangement of their 
particles, is not, as might bo expected, that of an unorganized, 
confused heap, but they show a strong tendency to stratifica¬ 
tion. This is a point of much geological interest, because it 
indicates that sandstone may owe its stratified character to the 
action of other forces as well as of water. The origin and 
peculiar character of these layers are duo to a variety of causes. 

For oxumplc, a south-west wind and current may deposit upon 
a dune a stratum of a given color and mineral composition, and 
this may bo succeeded by a north-wc:>t wind and current, bring¬ 
ing with them panicles of a different hue, constitution, and 
origin. Again, if wo suppose a violent tempest to straw the 
beach with sand-grains very different in magnitiulo and specific 
gravity, and, after the sand is dry, to bo succeeded by a gentle 
breeze, it is evident that only the lighter particles will bo taken 
up and carried to the dunes. If, after some time, the wind 
freshens, heavier grains will bo transported and deposited on 
the former, and a still stronger succeeding gale will roll up yet 
larger kernels. Each of these deposits will form a stratum. If 
wo suppose the tempest to bo followed, after the sand is dry, 
not by a gentle breeze, but by a wind powerful enough to lift 
at the same time particles of very various magnitudes and 
weights, the heaviest will often lodge on the dune while tho 
lighter will bo carried farther. This would produce a stratum 
of coarse sand, and tho same effect might result from tho 
blowing away of light particles out of a mixed layer, while 
tho heavier remained undisturbed.* Still another cause of 
apparent stratification may bo found iu tho occasional iutorpo- 


* The lower strata must bo oldor than tho superficial layers, and the parti¬ 
cles which compos * them may in time become more disintegrated, and there¬ 
fore finer than those deposited later and abovo thorn. 

Hull ingeniously suggests that, besides other ohanges, fine sand intermixed 
with or deposited above a coarser stratum, as well os the minute partioles 
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sition of a thin layer of leaves or other vegetable remains 
between successive deposits, and this I imagine to be more 
frequent than has been generally supposed. Some geologists 
have thought that the sand strata of dunes are of annual forma¬ 
tion ; * but the autumnal deposit of foliage from neighboring 
trees and shrubs furnishes a more probable explanation of the 
division of the sand-heaps into regular layers. 

A late distinguished American admiral communicated to 
mo an interesting observation made by him at San Francisco, 
which has an important bearing on the arrangement of the 
particles of 6and in dunes and other irregular accumulations of 
that substance. In laying out a navy-yard at that port, a largo 
quantity of earthy material was removed from the dunes and 
other hillocks and carted to a low piece of ground which 
required filling up. Sand of various characters, fine and coarso 
gravel, and common earth were dropped promiscuously by 
the carts as accident or convenience dictated, and of course 
they were all confusedly intermixed. Some time after, when 
the now ground was consolidated, various excavations were 
made in it, and the different materials of which the filling was 
composed wore found to bo stratified with considerable regu¬ 
larity, according to their specific gravity. 

Two explanations of this remarkable fact suggest themselves 
to me, which, however, do not perhaps exclude others. San 
Francisco is subject to earthquakes, and though violent or even 
sensible shocks are not very frequent, it is highly probable that, 
as is shown to bo the case in many other countries, by late scis- 
mological observations, thcro are, in the course of the year, a 
great numbor of slight shocks which escape unscientific obser¬ 
vation. A frequent repetition of slight tremblings of the earth 

resulting from the disintegration of the grains of the latter, may be carried 
by rain in the case of dunes, or by tb3 ordinary action of sea-water in that 
of sand-banks, down through the interstioes in the coarser layer, and thus tho 
relative position of sand and gravel may be changed .—Ooraprong der Holland- 
uht Vuincn, p. 103. 

* Schomann, Oeologisehe Wanderungen dureti die Preusntehm Oat-See 
Protimen, 1800, p. 81. 
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would, like any other moderate mechanical agitation, proba¬ 
bly produce the separation of a miscellaneous mass, like that 
described, into distinct layers. Again, the Pacific coast, liko 
all others upon an open sea, is exposed to incessant concussion 
from the shock of the waves, which i3 repeated many thousand 
times a day. This concussion is often sensibly felt by the 
observer, and it seems not in the least improbable that the agita¬ 
tion may have tended to produce a stratified arrangement in 
the case at San Francisco, as well as in all coast dunes and 
other accumulations of loose mineral material in similar situa¬ 
tions. Kohl observes that the shore on the landward side of 
the files of dunes often trembles from the shock of the waves on 
the beach, * and Yilleneuve established by careful experiment 
that at Dunkerque the ground is sensibly agitated by the same 
cause, in 6tormy weather, to a distance of more than a mile 
from the sea. 

The eddies of strong winds between the hillocks must also 
occasion disturbances and ro-arrangements of tho 6and layers, 
and it seems possible that the irregular thickness and the 
strange contortions of the 6trata of tho sandstone at Petra may 
bo due to some such cause. A curious observation of Professor 
Forchhammer suggests an explanation of another peculiarity 
in the structure of tho sandstone of Mount Soir. lie describes 
dunes in Jutland, composed of yellow quartzoso sand inter¬ 
mixed with black titanian iron. When tho wind blows over 
the surface of the dunes, it furrows tho 6and with alternate 
ridges and depressions, ripples, in short, like those of water. 
The swells, the dividing ridges of the system of 6and ripples, are 
composed of tho light grains of quartz, while the heavier iron 
rolls into the depressions between, and thus the whole surface 
of tho dune appeal's as if covered with a fine black network. 

The 6ea side of dunes, being moro exposed to the caprices 
of the wind, is more irregular in form than tho lee or land 
side, where the arrangement of tho particles is affected hy 
fewer disturbing and conflicting influences. Hence, the strati- 


• Jntdn un&IIandlm % eto., iL, p. 84. 
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fication of the windward slope is somewhat confused, while the 
sand on the lee side is found to be disposed in more regular 
beds, inclining landwards, and with the largest particles lowest, 
whore their greater weight would naturally carry them. The 
lee side of the dunes, being thus formed of sand deposited 
according to the laws of gravity, is very uniform in its slope, 
which, according to Forchhammer, varies little from an angle 
of 80° with the horizon, while the more exposed and irregular 
weather side lies at an inclination of from 5° to 10°. When, 
however, tho outer tier of dunes is formed so near the water¬ 
line as to be exposed to the immediate action of the waves, it 
is undermined, and the face of the hill is very steep and some¬ 
times nearly perpendicular. 

Geological Importance of Dunes. 

These observations, and other facts which a more attentive 
study on the spot would detect, might furnish tho means of 
determining interesting and important questions concerning 
geological formations in localities very unlike those where 
dunes are now thrown up. For example, Studer supposes that 
the drifting sand-hills of tho African desert were originally 
coast dunes, and tliafc they have been transported to their present 
position far in the interior, by tho rolling and shifting leeward 
movement to which all dunes not covered with vegetation aro 
subject. The present general drift of the sands of that desert 
appears to be to the south-west and west, the prevailing winds 
blowing from the north-east and east; but it has been doubted 
whether the shoals of the western coast of Northern Africa, 
and the sands upon that shore, are derived from the bottom of 
the Atlantic, in the usual manner, or, by an inverse process, 
from those of the Sahara. The latter, as has been before re¬ 
marked, is probably the truth, though observations are wanting 
to decide the question.* There would be nothing violently iin- 

• 44 The North African desert falls into two divisions; the Sahel, or western, 
and the Sahar, or eastern. The sands of the Bohor were, at a remote period, 
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probable in the a priori supposition that they may have been in 
part first thrown up by the Mediterranean on its Libyan coast, 
and thence blown south and west over the vast 6paco they now 
cover. But inasmuch as it is now geologically certain that the 
Sahara is an uplifted bed of an ancient sea, we may suppose 
that, while submerged, it was, like other sea-bottoms, strewn with 
6 and, and that its present supply of that material was, in great 
proportion, brought up with it. Laurent observed, some years 
ago, that marine shells of still extant species were found in the 
Sahara, far from the sea, and oven at considerable depths below 
the surface.* Thcso observations have been confirmed past all 
question by Dc6or, Martins, and others, and the facts and tho 
obvious conclusion they suggest are at present not disputed. 

But whatever has been tho source and movement of thcso 
6 ands, they can hardly fail to have left on their route somo sand-* 
stone monuments to mark their progress, such, for example, as 
we have seen are formed from the dune sand at- tho mouth of 
tho Nile; and it is conceivable that the character of tho drift¬ 
ing sands themselves, and of tho conglomerates and sandstones 
to whoso formation they have contributed, might furnish satis¬ 
factory evidence as to their origin, their starting-point, and tho 
course by which they have wandered so far from tho sea.f 

drifted to the west. In. the Sahel, tho prevailing east winds drive the sand- 
ocean with a progressive wcotward motion. Tho eastern half of tho dosort is 
swept clean. ”— Naumaxn, Ocognom , ii., p. 1173. 

* Me moire* »ur U Sahara Oriental p. G2. 

f Forchhammer, after pointing out tho coincidence botween tho inclined 
stratification of dunes and tho structure of ancient tilted rock3, says : 44 But 
I am not able to point out a sandstone formation corresponding to the dunes. 
Probably most ancient dunes have bcon destroyed by submorsion boforo the 
loose sand became cemented to solid stono, but wo may supposo that circum¬ 
stances havo existed somowhero which havo preserved tho characteristics of 
this formation.”— Leoxuard und Bronx, 1841, p. 8, 0. 

Such formations, howovor, certainly exist. Laurent (Memoir* iurlc Sahara, 
eta., p. 12) tcl : s us that in tho Algerian desert thoro arc 4 4 sands to no formation” 
not only “corresponding to tho dunos,” but actually oon&olidatod within thorn. 

44 A place called El-ilouia-Tadjor presents a repetition of what wo saw at El- 
Baya; one of the funnels formed in the middle of the dunos contains well# 
from two metres to two and a half in depth, dug in a sand which prossure, 
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If the saml of coast dunes is, as Staring describes it, com¬ 
posed chiefly of well-rounded quartzose grains, fragments of 
shells, and other constant ingredients, it would often be recog¬ 
nizable as coast sand, in its agglutinate state of sandstone. The 
texture of this rock varies from an almost imperceptible fine¬ 
ness of grain to great coarseness, and affords good facilities for 
microscopic observation of its structure. There are sandstones, 
such, for example, as are used for grindstones, where the grit, 
as it is called, is of exceeding sharpness; others where the 
angles of the grains are so obtuse that they scarcely act at all 
on hard metals. Tho former may be composed of grains of 
rock, disintegrated indeed, and re-cemented together, but not, in 
tho meanwhile, much rolled ; tho latter, of sands long washed 
by tho sea, and drifted by land-winds. There is, indeed, 60 
t much resemblance between the effects of driving winds and of 
rolling water upon light bodies, that there might be difficulty 
in distinguishing them; but after all, it is not probable that 
sandstone, composed of grains thrown up from the salt sea, and 
long tossed by the winds, would bo identical in its structure 
with that formed from fragments of rock crushed by mechani¬ 
cal force, or disintegrated by heat, and again agglutinated with¬ 
out much exposure to tho action of moving water. 


and probably the prcsonco of cortain salts, have cemented bo as to form true 
sandstone, soft indeed, but which does not yield except to the pickaxe. These 
sandstones exhibit an inclination which seems to be the effoct of wind; for 
they conform to the direction of tho sands which roll down a scarp occasioned 
by tho primitive obstacle. w 

“ At New Quay the dune sands are converted to stone by an oxido of iron held 
In solution by the water which pervades them. This stone, which is formed, so 
to speak, under our eye, has been found solid enough to be employed for build¬ 
ing.”— Esquiuos, L'Angletene , etc., in Revue (ice Deux Mo rules, 1804, pp. 
44, 45. 

The dunes near the mouth of the Nile, the lowor sands of whioh have been 
cemented together by the infiltration of Nile water, would probably show a 
similar stratification in the sandstone whioh now forms their base. 

Dana dosoribes a laminated rook often formed by the infiltration of water 
into the sand dunes on the Hawaian islands.— Corals and Coral Islands, 1872, 
p. 165. 
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Dunes of American Coasts . 

Upon tlie Atlantic coast of the United States, tho prevalence 
of western or off-shore winds is unfavorable to the formation of 
dunes, and, though marine currents lodge vast quantities of 
sand, in the form of banks, on that coast, its shores are propor¬ 
tionally more free from sand-hills than some others of lesser 
extent. There arc, however, very important exceptions. Tho ac¬ 
tion of the tide throws much sand upon some points of tho New 
England coast, as well as upon the beaches of Long Island and 
other more southern shoves, and hero dunes resembling thoso of 
Europe arc formed. There are aLo extensive ranges of dunes 
on the Pacific coast of the United States, and at San Francisco 
they border some of the streets or the city. 

The dunes of America arc far older than her civilization, and 
the soil they threaten or protect possesses, in general, too little 
value to justify any great expenditure in measures for arresting 
their progress or preventing their destruction. lienee, great as 
is their extent and their geographical importance, they have, at 
present, no such intimate relations to human life as to render 
them objects of special interest in the point of view I am 
taking, and I do not know that tho laws of their formation and 
motion have been made a subject of original investigation by 
any American observer. 

Dunes of Western Europe. 

Upon the western coast of Europe, on tho contrary, the 
ravages occasioned by tho movement of sand dunes, and tho 
serious consequences often resulting from the destruction of 
them, have long engaged the earnest attention of Governments 
and of scientific men, and for nearly a century persevering and 
systematic effort has been made to bring them under human 
control. The subject has been carefully studied in Denmark 
and the adjacent duchies, in Western Prussia, in the Nether- 



576 


DUNES OP GASCONY. 


lands, and in Franco; and tho experiments in the way of 
arresting the drifting of tho dunes, and of securing them, and 
tho lands they shelter, from the encroachments of the 6ca, have 
resulted in the adoption of a system of coast improvement sub¬ 
stantially the samo in all these countries. The sands, like the 
forests, have now their special literature, and the volumes and 
memoirs, which describe thorn and the processes employed to 
subdue them, are full of scientific interest and of practical 
instruction. 


Dunea of Gascony. 

In the small kingdom of Denmark, inclusive of tho duchies 
of Schleswig and Holstein, tho dunes cover an area of moro 
than two hundred and sixty square miles. Tho breadth of the 
chain is very various, and in some places it consists only of a 
single row of sand-hills, while in others, it is moro than six 
miles wide.* The dunes of tho Prussian coast are vaguely esti¬ 
mated to cover from eighty-five to one hundred and ten thou¬ 
sand acres; those of Holland one hundred and forty thousand 
acres; and those of Gascony more than two hundred thousand 
acres. I do not find any estimate of their extent in other pro¬ 
vinces of Franco, or in the Baltic provinces of Russia, but it is 
probable that the entire quantity of dune land upon tho Atlantic 
and Baltic shores of Europe does not fall much short of a 
million of acres, f This vast deposit of 6ea-sand extends along 

* Andeiisen, Om KUtformationcn , pp. 78, 202, 275. 

f In an artiole on the dunos of Europo, in vol. 20 (1804) of Ann dcr Natui\ 
p. COO, tho dunoa are estimated to oovor, on the islands and coasts of Schles¬ 
wig Holstein, in North-west Germany, Denmark, HoUond, and France, onu 
hundred and eighty-one German, or nearly four thousand English square 
milos; in Scotland, about ten German, or two hundred and ton English miles; 
in Ireland, twenty German, or four hundred and twenty English milos; and 
in England, one hundred and twenty German, or more than twenty-fivo hun¬ 
dred English miles. Pannewitz (Anleitung turn Anbau der SandJUMien), on 
dted by Andresen (Om KUtformatumm, p. 45), states that the drifting sands 
of Europe, including, of oourse, sand plains as well as dunes, oover an extent 
of 21,000 square miles. This is, perhaps, an exaggeration, though there is, 
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the coasts for a distance of several hundred miles, and from the 
time of the destruction of the forests which covered it, to tho 
year 1789, the whole line was rolling inwards and burying the 
soil beneath it, or rendering the fields unproductive by the sand 
which drifted from it At the same time, as the sand-hills 
moved landwards, the ocean was closely following their retreat 
and swallowing up the ground thoy had covered, as fast as 
their movement left it bare. 

Age, Character, and Permanence of Dunce. 

Tho origin of most great lines of dunes goes back past all 
history. Tliore are on many coasts several distinct ranges of 
sand-hills which seem to bo of very different ages, and to have 
been formed under different relative conditions of land and 
water.* In some cases there has been an uphoaval of tho coast* 
line since the formation of tho oldest hillocks, and tlicso have 

undoubtedly, much more desert-land of this description on the European con¬ 
tinent than has been generally supposed. There is no question that most of 
this waste is capable of reclamation by simple planting, and no mode of physi¬ 
cal improvement is better worth the attention of civilised Governments than 
this. 

There are often serious objections to extensive forest planting on soils capa¬ 
ble of being otherwise made productive, but they do not apply to sand wastes, 
which, until covered by woods, are not only a useless inoumbranoo. but a 
eouroe of serious danger to all human improvements in the neighborhood of 
them. 

* Krause, speaking of the dunes on tho coast of Prussia, says: 44 Their 
origin belongs to three different periods, in which important changos in tho 
relative level of eoa and land have unquestionably taken plaoe. • . . Except 
in the deep depressions botwocn them, the dnnes are overywboro sprinklod, to 
a oonsidorable height, with brown oxydulatod iron, whioh has penetrated into 
the sand to the depth of from three to olghtoon inohos, and oolored it red. 

• • • Above the iron is a stratum of sand differing in composition from 
ordinary sea-sand, and on this, growing woods arc always found. . • . The 
gradually accumulated forest soil ooeurt in beds of from ono to three feet 
thick, and changes, proceeding upward, from gray sand to black humus.** 
Even on the third or soawaxd range, the sand grasses appear and thrive 
luxuriantly, at least on the west ooast, though Krause doubts whether the 
donee of the east ooast were ever thus proteoted.— Der Ddnentati, pp. 8,11. 
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become inland dimes, while younger rows have been thrown 
up on the new beach laid bare by elevation of the sea-bed. 
Our knowledge of the mode of their first accumulation is de¬ 
rived from observation of the action of wind and water in the 
few instances where, with or without the aid of man, new 
coast dunes have been accumulated, and of the influence of 
wind alone in elevating new sand-heaps inland of the coast 
tier, when the outer rows are destroyed by the sea, as also 
when the sodded surface of ancient sands has been broken, and 
the subjacent strata laid open to the air. 

It is a question of much interest, in what degree the naked 
condition of most dunes is to be ascribed to the improvidence 
and indiscretion of man. There are, in Western France, ex¬ 
tensive ranges of dunes covered with ancient and dense forests, 
while the recently formed sand-hills between them and the sea 
f re bare of vegetation, and in some cases are rapidly advancing 
upon the wooded dunes, which they threaten to bury beneath 
their drifts. Between the old dunes and the new there is no 
discoverable difference in material or in structure; but the 
modem sand-hills are naked and shifting, the ancient, clothed 
with vegetation and fixed. It has been conjectured that arti¬ 
ficial methods of confinement and plantation wore employed by 
the primitive inhabitants of Gaul; and Laval, basing his calcu¬ 
lations on the rate of annual movement of the shifting dunes, 
assigns the fifth century of the Christian era as the period when 
these processes wore abandoned.* 

There is no historical evidence that the Gauls were ac¬ 
quainted with artificial methods of fixing the sands of the 
coast, and we have little reason to suppose that they were ad¬ 
vanced enough in civilization to be likely to resort to such 
•processes, especially at a period when land could have had but 
& moderate value. 

In other countries, dunes have spontaneously clothed them- 

* Laval, Mmoiraur les Dunn <U Qasoogne, AnnaUt det Pont i it Ohauuto, 
1847, 2me slmestre, p. 281. The same opinion had been expressed by 
BaSuoNTZBB, Annala da PonU it OAauata, 1888, ler s&nostre, p. 185. 
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selves with forests, and the rapidity with which their surface is 
covered by various species of sand-plants, and finally by trees, 
where man and cattle and burrowing animals aro excluded 
from them, renders it highly probable that they would, as a 
general rule, protect themselves, if left to the undisturbed ac¬ 
tion of natural causes. The sand-hills of the Frische Nohrung, 
on tho coast of Prussia, were formerly woodod down to the 
water’s edge, and it was only in the last century that, in conse¬ 
quence of tho destruction of their forests, they became moving 
sands.* There is every reason to believe that tho dunes of tho 
Netherlands wore clothed with trees until after tho Roman in¬ 
vasion. Tho old geographers, in describing these countries, 
speak of vast forests extending to tho very brink of tho soa; but 
drifting coast dunes are first mentioned by tho chroniclers of 
tho Middle Ages, and so far as wo know thoy have assumed a 
destructive character in consequonco of tho improvidence of 
man. f The history of tho dunes of Michigan, 60 far as I have 


* “ In tho Middle Ages,” says Willibald Alexis, os quoted by MUllor, Das 
Bitch dcr P/lamentcdt, L, p. 10, “tho Nohrung was extending itself further, 
and the narrow oponing near Lochstadt had filled itself up with sand. A 
groat pino forest bound with its roots the duno sand and tho heath uninter¬ 
ruptedly from Danzig to Pillau. King Frederick William I. was onco in want 
of money. A certain Herr von Korff promised to procure it for him, without 
loan or taxes, if ho could bo allowed to romovo something quite useless. Ho 
thinned out tho forests of Prussia, which then, indeed, possessed littlo pecu¬ 
niary valuo; but ho felled tho entire woods of tho Frischo Xchrung, so far 
as they lay within tho Prussian territory. Tho financial operation was a suc¬ 
cess. The king had mouoy, but in tho material effects which resulted from 
it, the stato rcccivod irreparablo injury. The sea*winds rush over tho bared 
hills; tho Frischo Ilaff is half-cliokcd with sand; thq channel betwoon El- 
bing, tho soa, and Kdnigsborg is endangered, and tho fisheries in tho Ilaff in¬ 
jured. Tho operation of Uorr von Korff brought tho king 200,000 thalers. 
The state would now willingly clpcnd millions to restore tho forests again.” 

f Staring, Voormaals en Thaos, p. 231. Had tho dunes of tho Nether¬ 
landish and French ooasts, at tho period of tho Roman invasion, resembled 
the moving sand-hills of the present day, it is inconceivable that they could 
have escaped the notice of so acute a physical geographer as Strabo; and the 
absoluto silence of Omsar, Ptolemy, and tho enoyclopmdio Pliny, respecting 
them, would be not less inexplicable. 
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been able to learn from my own observation, or that of others, 
is the same. Thirty years ago, when that region was scarcely 
inhabited, they were generally covered with a thick growth of 
trees, chiefly pines, and underwood, and there was little ap¬ 
pearance of undermining and wash on the lake side, or of shift¬ 
ing of the sands, except where the trees had been cut or turned 
up by the roots. # 

Nature, as she builds up dunes for the protection of the sea¬ 
shore, provides, with similar conservatism, for the preservation 
of the dunes themselves; so that, without the interference of 
man, these hillocks would be, not perhaps absolutely perpetual, 
but very lasting in duration, and very slowly altered in form or 
position. When once covered with the trees, shrubs, and her¬ 
baceous growths adapted to such localities, dunes undergo no 
apparent change, except the slow occasional undermining of 
me outer tier, and accidental destruction by the exposure of the 
interior, from the burrowing of animals, or the upturning of 
trees with their roots, and all these causes of displacement are 
very much less destructive when a vegetable covering exists in 
the immediate neighborhood of the breach. 

Protection of Dunce. 

Before the occupation of the coasts by man, dunes, at all 
points where they have been observed, seem to have been pro¬ 
tected in their rear by forests, which served to break the force 


* The sands of Gaps God wen partially, if not completely, covered with 
vegetation by nature. Dr. Dwight, describing the dunes os they were in 1800, 
says t 44 Some of them are oorered with beaoh grass; some fringed with 
whortleberry bashes; and some tufted with a small and singular growth of 
oaks. • • • The parts of this barrier which are oorered with whortleberry 
bodies and. with oaks, have been either not at all or very little blown. The 
oaks, particularly, appear to be the continuation of the forests originally 
formed on this spot. • • • They wore all the marks of extreme age; were, 
in some instances, already decayed, and in others decaying; were hoary with 
moss, and were deformed by branches, broken ana wostea, not by violence, 
but by time."— Tra*#, iiL, p. 91 
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of the winds in both directions,* and to have spontaneously 
clothed themselves with a dense growth of the various plants, 
grasses, shrubs, and trees, which nature has assigned to such 
soils. It is observed in Europe that dunes, though now without 
the shelter of a forest country behind them, begin to protect 
themselves as soon as human trespassers are excluded, and graz¬ 
ing animals denied access to them. Herbaceous and arborescent 
plants spring up almost at once, first in the depressions, and 
then upon the surface of the sand-hills. Every seed that 
sprouts, binds together a certain amount of sand by its roots, 
shades a little ground with its leaves, and furnishes food and 
shelter for still younger or smaller growtlis. A succession of a 
very few favorable seasons suffices to bind the whole surface to¬ 
gether with a vegetable network, and the power of resistance 
possessed by the dunes themselves, and the protection tho^ 
afford to the fields behind them, are just in proportion to the 
abundance and density of the plants they support. 

The growth of the vegetable covering can, of course, bo much 
accelerated by judicious planting and watchful care, and this 
species of improvement is now carried on upon a vast scale on 
the sandy coasts of Western Europe, wherever the value of land 
is considerable and the population donse. 


Use of Dunes as a Barrier against the Sea . 

Although the sea throws up large quantities of sand on fiat 
lee-shores, there are many cases where it continually encroaches 
on those 6ame shores and washes them away. At all points of 
the shallow North Sea where the agitation of the waves extends 
to the bottom, banks are forming and rolling eastwards. Hence 


* BexgsSe {Retention Virksomhed^ it, 8) states that the doses on the west 
ooost of Jutland were stationary before the destruction of the forests to the 
east of them. The felling of the tall trees removed the resistance to the lower 
currents of the westerly winds, and the sands have sinoe buried a great extent 
of fertile soil. See also same work, ii., p. 121 
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the sea-sand tends to accumulate upon the coast of Schleswig- 
Holstein and Jutland, and were there no conflicting influences, 
the shore would rapidly extend itself westwards. But the 
same waves which wash the sand to the coast undermine the 
beach they covor, and still more rapidly degrade the shore at 
points whore it is too high to receive partial protection by the 
formation of dunes upon it. The earth of the coast is general¬ 
ly composed of particles finer, lighter, and more transportable 
by water than the sea-sand. While, therefore, the billows 
raised by a heavy west wind may roll up and deposit along the 
beach thousands of tons of sand, the same waves may swallow 
up even a larger quantity of fine shore-earth. This earth, with 
a portion of the sand, is swept off by northwardly and south¬ 
wardly currents, and let fall at other points of the coast, or 
carried off, altogether, out of the reach of causes which might 
bring it back to its former position. 

Although, then, the eastern shore of the German Ocean hero 
and there advances into the sea, it in general retreats before it, 
and but for the protection afforded it by natural arrangements 
seconded by the art and industry of man, whole provinces 
would soon be engulfed by the waters. This protection con¬ 
sists in an almost unbroken chain of sand banks and dunes, ex¬ 
tending from the northernmost point of Jutland to the Elbe, a 
distance of not much less than three hundred miles, and from 
the Elbe again, though with more frequent and wider interrup¬ 
tions, to the Atlantic borders of France and Spain. So long 
as the dunes are maintained by nature or by humau art, they 
6 erve, like any other embankment or dike, as a partial or a 
complete protection against the encroachments of tho 6ca; and 
on the other hand, when their drifts are not checked by natural 
processes, or by the industry of man, they become a cause of as 
certain, if not of as sudden, destruction as the ocean itself 
whose advance they retard. On the whole, the dunes on the 
coast of the German Sea, notwithstanding the great quantity of 
often fertile land they cover, and the evils which result from 
their movement, are a protective and beneficial agent, and 
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their maintenance is an object of solicitude with the Govern¬ 
ments and people of the shores they defend.* 

Tho oastward progress of the sea on the Danish, Netherlandish, 
and French coasts depends so much on local geological structure, 
oil the force and direction of tidal and othor marine currents, 
on tho volume and rapidity of coast rivers, on tho contingencies 
of the weather and on other varying circumstances, that no 
general rate can be assigned to it. 

At Agger, near the western end of the Liirafjord, in Jutland, 
the coast was washed away, between the years 1815 and 1830, 
at the rate of more than eighteen feet a year. The advance of 
tho sea appears to have been something less rapid for a century 
before; but from 1840 to 1857, it gained upon the land no less 
than thirty feet a year. At other points of the shore of 
Jutland the loss is smaller, but tho sea is encroaching goncrally # 
upon the whole line of the coast, f 

Tlie Liimfjord. 

The irruption of tho sea into the fresh-water lagoon of 
Liimfjord in Jutland, in 1825—one of the most remarkable 
encroachments of tho ocean in modem times—is expressly as¬ 
cribed to “ mismanagement of tho dunes ” on tho narrow neck 
of land which separated tho fjord from the North Sea. At 
earlier periods the sea had swept across the isthmus, and even 
buret through it, but the channel had been filled up again, 


* “ We mart, therefore, not bo surprised to see tho people here deal as 
gingerly with their dunce at if treading among eggs. Ho who is lucky enough 
to own a molehill of dune pots it aifootionatoly, and • ponds his substance in 
cherishing and fattoning it. That fair, fertile, rich provinoo, tho peninsula of 
Eiderrt&dt in tho south of Friesland, has, on tho point towards tho *oa, only a 
tiny row of dunes, somo six miles long or so; but tho people talk of thoir fringe 
of sand hills, as if it were a bordor sot with pearls. They look upon it as their 
best defence against Xeptnne. They have connected it with thoir system of 
dikes, and for years have kept sentries posted to protect it against wanton in¬ 
jury.”— JT. G. Koiil, Vie Ineeln u. MartcJten ScJdetwig*lIoUUins t ii., p. 110. 
f Axdheskn, Om KUtformationen y pp. 08-72. 
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sometimes by artificial means, sometimes by the operation of 
natural causes, aud on all these occasions effects were produced 
very similar to those resulting from the fonnation of the new 
channel in 1825, which still remains open.* Within compara¬ 
tively recent historical ages, the Liimfjord has thus been several 
times alternately filled with fresh aud with salt water, and man 
has produced, by neglecting the dunes, or at least might have 
prevented by maintaining them, changes identical with those 
which are usually ascribed to the action of great geological 
causes, and sometimes supposed to have required vast periods 
of time for their accomplishment. 

“ This breach,” says Forchhammer, 41 which converted the 
Liimfjord into a sound, and the northern part of Jutland into 
an island, occasioned remarkable changes. The first aud most 
^striking phenomenon was the sudden destruction of almost all 
tho fresh-water fish previously inhabiting this lagoon, which 
was famous for its abundant fisheries. Millions of fresh-water 
fish were thrown on shore, partly dead and partly dying, and 
were carted off by the people. A few only survived, and Btill 
frequent the shores at the mouth of the brooks. The eel, 
however, has gradually accommodated itself to tho change of 
circumstances, and is found in all parts of the fjord, while to 
all other fresh-water fish, the salt-water of the ocean seems to 
have been fatal. It is more than probable that the 6and washed 
in by the irruption covers, in many places, a layer of dead fish, 
and has thus prepared the way for a petrified stratum similar 
to those observed in so many older formations. 

“ As it soems to be a law of nature that animals whose life 
is suddenly extinguished while yet in full vigor, are tho most 
likely to be preserved by petrification, we find here one of the 
conditions favorable to the formation of such a petrified stratum. 
The l>ottom of the Liimfjord was covered with a vigorous 

• Id., pp. 881, 888. Andresen's work, though printed in 1801, wm finished 
In 1850. Lydl {Antiquity qf 2fan } 1868, p. 14) saps: 14 Even in the ooune of 
the present dentaly, the salt-waters have made one eruption into the Baltlo 
bp the Liimfjord, although they have been now again exoluded.” 
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growth of aquatic plants, belonging both to fresh and to salt 
water, especially Zostera marina. Tills vegetation totally 
disappeared aftor the irruption, and, in somo instances, was 
buried by the sand; and here again we have a familiar phe¬ 
nomenon often observed in ancient strata—the indication of 
a given formation by a particular vegetable species—and when 
the strata deposited at the time of tho breach shall bo accessi¬ 
ble by upheaval, tho period of eruption will bo marked by a 
stratum of Zostera, and probably by impressions of fresh-water 
fishes. 

“ It is very remarkablo that the Zostera marina, a son-plant, 
was destroyed oven whoro no sand was deposited. This was 
probably in cousoquouco of tho suddon chango from braokisli to 
salt water. . . It is well established that tho Liimfjonl 
communicated with tho Goman Ocean at somo formor period. 
To that ora belong the dcop beds of oy6tor sholls and Cardium 
edule, which aro still found at tho bottom of tho fjord. And 
now, after an interval of conturics, during which tho lagoon 
contained no salt-wator shell fish, it again produces great num- 
boro of Mytilus edulis. Could wo obtain a deep section of tho 
bottom, wo should fiud beds of Ostrca edulis and Cardium 
edule, then a layer of Zostera marina with fresh-wator fish, 
and then a bod of Mytilus edidis. If, in course of timo, the 
now channel should bo closed, tho brooks would fill tho lagoon 
again with fresh water; fresh-water fish and shell fish would 
reappear, and thus wo should have a repeated alternation 
of organic inhabitants of tho sea and of tho waters of the 
land. 

“These events have been accompanied with but a com¬ 
paratively insignificant chango of land surfaco, while tho for¬ 
mations in the bed of this inland sea have been totally revo¬ 
lutionized in character.”* 

* FoBCsuAinuii, Oeognottittht StudUn am llttm-Ufer, Lboxoabd sad 
Buoiar, Jahrbueh, 1841, pp. 11,18. 
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Coast8 of Schleswig-Holstein, Holland, and France . 

On the islands on the coast of Schleswig-Holstein, the ad¬ 
vance of the sea has been more unequivocal and more rapid. 
Near the beginning of the last century, the dunes which had 
protected the western coast of the island of Sylt began to roll 
to the east, and the sea followed closely as they retired. In 
1757, the church of Rantum, a village upon that island, was 
obliged to be taken down in consequence of the advanco of the 
sand-hills; in 1791, these hills had passed beyond its site, the 
waves had swallowed up its foundations, and tho soa gained so 
rapidly, that, fifty years later, the spot where they lay was 
seven hundred feet from tho shore.* 

Tho most prominent geological landmark on tho coast of 
Holland is tho Iluis to Britten, Arx Britannica , a fortress 
built by the Homans, in tho time of Caligula, on the main 
land near tho mouth of tho Rhine. At tho close of tho seven¬ 
teenth century, tho soa had advanced sixteen hundred paces 
beyond it. Tho older Dutch annalists record, with much pa¬ 
rade of numerical accuracy, frequent encroachments of the 6ca 
upon many parts of the Netherlandish coast. But though tho 
general fact of an advance of the ocean upon the land is es¬ 
tablished beyond dispute, the precision of the measurements 
which have been given is open to question. Staring, however, 
who thinks tho erosion of the coast much exaggerated by popu¬ 
lar geographers, admits a loss of moro than a million and a 
half acres, chiefly worthless morass; f and it is certain that 
but for the resistance of man, but for his erection of dikes and 
protection of dunes, there would now bo left of Holland little 
but the name. It is, as has been already seen, still a debated 
question among geologists whether the cQast of Holland now 
is, and for centuries has been, subsiding. I believe most in¬ 
vestigators maintain the affirmative; and if the fact is so, the 

* Andresbn, Om Klitformathnen , pp. 68, 72. 

f VoormaaU m Tham y pp. 126,170. 
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advance of the sea upon the land is, in part, duo to this cause. 
But the rate of subsidence is at all events very small, and 
therefore the encroachments of the ocean upon the coast are 
mainly to be ascribed to the erosion and transportation of the 
soil by marine waves and currents. 

The sea is fast advancing at several points of the western 
coast of Franco, and unknown causes havo given a now impulse 
to its ravages since the commencement of the present century. 
Between 1830 and 1842, the Point de Grave, on the north side 
of the Gironde, retreated one hundred and eighty metres, or 
fifty feet per year; from the latter year to 1S4G, the rate was 
increased to more than three times that quantity, and the loss 
in those four years was about six hundred feet. All the 
buildings at the extremity of the peninsula havo bcon taken 
down and rebuilt farther landwards, and the lighthouso of th$ 
Grave now occupies its third position. The 6ea attackod the 
baso of the peninsula also, and tho Point do Gravo and tho ad¬ 
jacent coasts have been for thirty years tho scene of one of tho 
most obstinately contested struggles between man and the ocean 
recorded in tho auuals of modern engineering. 

Movement of Dunes. 

Besides tlicir importance as a barrier against the inroads of 
the ocean, dunes are useful by sheltering tho cultivated ground 
behind them from tho violence of tho sea-wind, from 6alt spray, 
and from tho drifts of beach sand which would otherwise over¬ 
whelm them. But tho dunes themselves, unless their surface 
sands are kept moist, and confined by tho growth of plants, or 
at least by a crust of vegetable earth, are constantly rolling 
inwards, and thus, whilo, on one side, they lay bare tho tracos 
of ancient human habitations or other cvidonccs of the social 
life of primitive man, thoy are, on tho other, burying fields, 
houses, churches, and converting populous districts into barron 
and deserted wastes. 

Especially destructive are they when, by any accident, a 
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cavity ia opened into them to a considerable depth, thereby 
giving the wind access to the interior, where the sand is thus 
first dried, and then scooped out and scattered far over the 
neighboring soil The dune is now a magazine of sand, no 
longer a rampart against it, and mischief from this source seems 
more difficult to resist than from almost any otlior drift, be¬ 
cause the supply of material at the command of the wind is 
more abundant and more concentrated than in its original thin 
and widespread deposits on the beach. The burrowing of 
conies in the duues is, in this way, not uufrequontly a cause of 
their destruction and of great injury to the fields behind them. 
Drifts, and even inland sand-hills, sometimes result from 
breaking the surface of more level sand deposits, far within 
the range of the const dunes. Thus we learn from Staring, 
^liat one of the highest inland dunes in Friesland owes its 
origin to the opening of the drift sand by the uprooting of a 
largo oak.* 

Great as are the ravages produced by the encroachment of 
the sea upon the western shores of continental Europe, they 
have been in some degree compensated by spontaneous marine 
deposits at other points of the coast, and we have 6ecn in a 
former chapter that the industry of man has reclaimed a largo 
territory from the bosom of the ocean. These latter tri¬ 
umphs are not of recent origin, and the incipient victories 
which paved the way for them date back perhaps as far as ten 
centuries. In the meantime, the dimes had been left to the 
operation of the laws of nature, or rather freed, by human 
imprudence, from the fetters with which nature had bound 
them, and it is scarcely three generations since man first 
attempted to check their destructive movements. As they 
advanced, he unresistingly yielded and retreated before them, 
and they have buried under their sandy billows many hun¬ 
dreds of square miles of luxuriant cornfields and vineyards and 
forests. 

On the west coast of France a belt of dunes, varying in 


* Dt Bodem van NtderlanA, i, p. 425. 
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width from a quarter of a milo to five miles, extends from tho 
Adour to the estuary of the Gironde, and covers an area of nine 
hundred and seventy square kilometres, or two hundred and 
forty thousand acres. When not fixed by vegetable growths, 
these dunes advance eastwards at a mean rato of about 
one rod, or sixteen and a half feet, a year. Wo do not know 
historically when they began to drift, but if wo suppose their 
motion to have been always the same as at present, they would 
have passed over tho space between tho sea coast and their 
present eastern border, and covered the largo area abovo men¬ 
tioned, in fourteen hundred years. Wo know, from written 
records, that they have buried oxtensivo fields and forests and 
thriving villages, and changed tho courses of rivers, and that 
the lighter particles carried from them by tho winds, even 
where not transported in sullicicnt quantities to form sand-hills, 4 
have rendered sterile much land formerly fertile.* They havo 
also injuriously obstructed tho natural drainage of tho maritime 
districts by choking up tho beds of tho streams, and forming 
lakes and pestilential swamps of no inconsiderable oxtent. In 
fact, so completely do they embank the coast, that between tho 
Gironde and tho village of ilimizan, a distanco of one hundred 
miles, thero are but two outlets for tho discharge of all tho 
waters which flow from tho land to tho sea; and the eastern 
front of tho dunes is bordered by a succession of stagnant 
pools, some of wliich are more than 6ix miles in length and 
breadth.f 


* Tho movement of the dunes has boon hardly less destructive on the north 
side of the Girondo. See the valuable articles of £lis£e Recluh iu the JU- 
vuo (Us Deux Mondcs for Deoembor, 1832, and sovoral lator numbors, entitled 
14 Le Littoral de la France.” 

f Laval, Memoirs sur Us Dunes du Oolfe de Gascoyne , Annalcs da Fonts 
et Chaussecs , 1847, p. 223. The author adds, as a curious and unexplained 
foot, that some of these pools, though evidently not original formations but 
mero accumulations of water dammed up by tho dunes, have, along their 
\»e»tem shore, near the base of tho sand-hills, a dopfch of moro than ono hun¬ 
dred and thirty feet, and henco their bottoms are not less than eighty feet 
below the level of the lowest tides, Their wostem banks desoend steeply, 
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A range of dunes extends along the whole western coast of 
Jutland and Schleswig-Holstein, and the movement of these 
sand-hills was formerly, and at some points still is, very de¬ 
structive. The rate of eastward movement of the drifting 
dunes varies from three to twenty-four feet per annum. If we 
adopt the mean of thirteen feet and a half for the annual mo¬ 
tion, these dunes have traversed the widest part of the belt in 
about twenty-five hundred years. Historical data are wanting 
as to the period of the formation of these dunes and of the 
commencement of their drifting; but there is recorded evi¬ 
dence that they have buried a vast extent of valuable land 
within three or four centuries, and further proof is found in 
the fact that the movement of the sands is constantly uncover¬ 
ing ruins of ancient buildings, and other evidences of human 
^occupation, at points far within the present limits of the 
uninhabitable desert. Andrescn estimates the average depth 
of tho sand deposited over this area at thirty feet, which would 
give a cubic mile and a half for tho total quantity.* 

The drifting of tho dunes on the coast of Prussia commenced 
not much more than a hundred years ago. Tho Frischo Nch- 
rung is separated from tho mainland by tho Frischo Ilaff, and 
there is but a narrow strip of arable land along its eastern bor¬ 
ders. Hence its rolling sands have covered a comparatively 
small extent of dry land, but fields and villages have been 
buried and valuable forests laid wasto by them. Tho loose 

conforming nearly to tho slope of the dunes, while on the north-east and 
south tho inclination of their beds is very gradual. The groatest depth of 
these pools corresponds to that of the sea ten miles from the shore. Is it 
possible that tho weight of the sands has pressod together tho soil on which 
they rest, and thus occasioned a subsidence of the surface extending beyond 
their base ? 

A more probable explanation of the faot statod in the note is suggested 
by filisde Iteclus, in an article entitled Lt Littoral de la Franee % in tho Jtcvus 
da Dettx Mondu tor September 1, 1804, pp. 103, 104. This able writer be¬ 
lieves such pools to be the remains of anoient maritime bays, wbiebbave been 
out off from tbe ocean by gradually accumulated sand bonks raised by tbe 
waves and winds to tbe character of dunes. 

" Andresen, Om Klitformationen , pp. 56, 70, 80. 
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coast-row has drifted over the inland ranges, which, as was no¬ 
ticed in the description of these dunes on a former page, were 
protected by a surface of different composition, and tho sand 
lias thus been raised to a height which it could not have 
reached upon level ground. This elevation has enabled it to 
advance upon and overwhelm woods, which, upon a plain, 
would have checked its progress, and, in one instance, a forest 
of many hundred acres of tall pines was destroyed by tho drifts 
between lS04and 1827. 

Control of Dimes hy Jlan . 

There are three principal modes in which tho industry of 
man is brought to bear upon the dunes. First, the creation of 
them, at points where, from changes in tho currents or other 
causes, new encroachments of the sea aro threatened; second^ 
the maintenance and protection of them where they have 
been naturally formed; and third, the removal of tho inner 
rows where tho belt is so broad that no danger is to bo appre¬ 
hended from tho loss of them. 

In describing tho natural formation of dunes, it was said that 
they began with an accumulation of sand around somo vegeta¬ 
ble or other accidental obstruction to tho drifting of tho par¬ 
ticles. A high, perpendicular cliff, which deadens tho wind 
altogether, prevents all accumulation of sand; but, up to a cer¬ 
tain point, the higher and broader tho obstruction, tho more 
sand will heap up in front of it, and the more will that which 
falls behind it be protected from drifting farther. This familiar 
observation has taught tho inhabitants of tho coast that an arti¬ 
ficial wall or dike will, in many situations, give rise to a broad 
belt of dunes. Thus a sand dike or wall, of threo or four miles 
in length, thrown in 1010 across the Koogras, a tide-washed flat 
between tho Zuiderzee and tho North Sea, has occasioned tho 
formation of rows of dunes a mile in breadth, and thus excluded 
tho sea altogether from the Kocgras. A similar dike, called 
tho Zijpcrzccdijk, has produced another scarcely less extensive 
belt in the course of two centuries. 
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A few years since, the sea was threatening to cut through 
the island of Amcland, and, by encroachment on the southern 
6 ide and the blowing off of the sand from a low flat which con¬ 
nected the two higher parts of the island, it had made 6uch 
progress, that in heavy storms the waves sometimes rolled quite 
across the isthmus. The construction of a breakwater and a 
sand dike have already checked the advance of the sea, and a 
large number of sand-hills has boon formed, the rapid growth 
of which promises complete future security against both wind 
and wave. Similar effects have been produced by the erection 
of plank fences, and even of simple screens of wattling and 
reeds.* 

The dunes of Holland are sometimes protected from the 
dashing of the waves by a rcv&temcnt of stone, or by piles; and 
(he lateral high-water currents, which wash away their base, are 
occasionally checked by transverse walls running from the foot 
of the dunes to low-water mark; but the great oxpenso of such 
constructions has prevented their adoption on a largo scale.f 
The principal means relied on for the protection of the sand¬ 
hills are the planting of their surfaces and the exclusion of bur¬ 
rowing and grazing animals. There are grasses, creeping plants, 
and shrubs of spontaneous growth, which flourish in loose sand, 
and, if protected, spread over considerable tracts, and finally 
convort their face into a soil capable of cultivation, or, at least, 
of producing forest trees. Krause enumerates one hundred 
and seventy-one plants as native to the coast sands of Prussia, 

* Staking, De Bodem van Nederland , i., pp. 320-331. Id., VoormauU en 
Thane , p. 1C3. Andkeben, Om KUtformationcn, pp. 280,205. 

The oreation of new dunes, by the prooessos montionod in tho toxt, sooxns 
to be muoh older in Europe than the adoption of measures for semiring them 
by planting. Dr. Dwight mentions a case in Massachusetts, whore a beach 
was restored, and new dunos formed, by planting beach gross. 44 Within the 
memory of my informant, the sea broke over the beach whioh oonnoots Truro 
with Province Town, and swept the body of it away for some distance. The 
beach gross was immediately planted on the spot; in oonsequenoe of which 
the beach was again raised to a sufficient height, and in various places into 
hills.”—?*™*, iii., p. 03. 

t Staring, 1., pp. 810,832. 
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and tlio observations of Andresen in Jutland carry tho number 
of these vegetables up to two hundred and thirty-four. 

Some of these plants, especially the Arundo arenaria or 
arcnosa , or Psamma or Psanunophila arenaria —Klittetag, or 
Iljelme in Danish, helm in Dutch, Diinenhalm, Sandscliilf, 
or Iliigolrolir in German, gourbot in French, and marram in 
English—are exclusively confined to sandy soils, and thrive well 
only in a 6alino atmosphere.* The arundo grows to the height 
of about twenty-four inches, but sends its strong roots with 
their many rootlets to a distance of forty or fifty feet. Tt has 
the peculiar property of flourishing best in tho loosest soil, and 
a sand-shower seems to refresh it as tho rain revives tho thirsty 
plants of tho common earth. Its roots bind together tho dunes, 
and its leaves protect thoir surface. When tho sand ceases 
to drift, tho arundo dies, its decaying roots fertilizing tho sandj 
and tho decomposition of its leaves forming a layer of vege¬ 
table earth over it. Then' follows a succession of other plants 
which gradually fit tho sand-hills by growth and decay, for 
forest planting, for pasturage, and sometimes for ordinary'agri¬ 
cultural use. 

But the protection and gradual transformation of tho dunes 
is not tho only service rendered by this valuablo plant. Its 
leaves are nutritious food for sheep and cattle, its seeds for 
poultry; + cordage and netting twine are manufactured from 
its fibres, it makes a good material for thatching, and its dried 
roots furnish excellent fuel. These useful qualities, unfortiv- 
nately, are too often prejudicial to its growth. Tho peasants 
food it down with thoir cattlo, cut it for rope-making, or dig it* 
up for fuel, and it has been found necessary to resort to sovoro 
legislation to provent them from bringing ruin upon thom6olves 

* There is some confusion In the popular use of those names, and in the 
solentlfio designations of sand-plants, and they are possibly appliod to different 
plants in different places. Some writors style tho gourbot Calamagroitb art- 
naria, and distinguish it from the Danish Klittetag or Hjelme. 

t Bread, not indeed very palatablo, has been mado of tho seeds of the 
arundo, hot the quantity which oan be gathered is not sufficient to form an 
important ooonomioal resource.— Anduesex, Otn KUt/ormationen % p, 100. 

33 
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by thus improvidontly sacrificing their most effectual safeguard 
against the drifting of the sands.* 

In 1539 a decree of Christian III., king of Denmark, im¬ 
posed a fine upon persons convicted of destroying certain spe¬ 
cies of sand-plants upon the west coast of Jutland. This ordi¬ 
nance was renewed and made more comprehensive in 1558, 
and in 1569 tho inhabitants of several districts were required, 
by royal rescript, to do their best to check tho 6and-drifts, 
though tho specific measures to bo adopted for that purpose 
are not indicated. Various laws against stripping tho dunes 
of their vegetation wero enacted in tho following century, but 
no activo measures wero taken for tho subjugation of the 
sand-drifts until 1779, when a preliminary system of operation 
for that purpose was adopted. This consisted in little more 
•than tho planting of the Arundo arena via and other sand- 
plants, and tho exclusion of animals destructive to these vege¬ 
tables, f Ten years later, plantations of forest trees, which have 
sinco proved so valuable a means of fixing the dunes and ren¬ 
dering them productive, were commenced, and liavo been con¬ 
tinued ever since.J During this latter period, Bremonticr, 
without any knowledge of what was doing in Denmark, exper¬ 
imented upon tho cultivation of forest trees on the dunes of Gas¬ 
cony, and perfected a system, which, with some improvements 
in matters of detail, is 6till largely pursued on those shores. 


* Bkkgh »e, lie vendors Virktotnhcd, ii., p. 4. 

f Measures were taken for tho protection of the dunes of Cape Cod, in 
Massachusetts, during the colouial period, though I believe they are now sub¬ 
stantially abandoned. A hundred years Ago, before tho valley of the Missis¬ 
sippi, or even the rioh plains of Central and Western New York, wero opened 
to the white settler, the value of land was relatively much greater in Now 
England than it is at present, and consequently some rural improvements 
were then worth making, which would not now yield sufficient returns to 
tempt the investment of oapital. The money and tho time roquired to sub¬ 
due and render productive twenty acres of sea-sa&d on Cape Cod, would buy 
a 44 section ” and rear a family in Illinois. The son of the Pilgrim, therefore, 
abandons the sand-hills, and seeks a better fortune on the fertile prairies of 
the West. Bee Dwioirr, Travels, i., pp. 02, 03. 

X Andbeskn, Om KUtformationen, pp. 287, 240. 
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Tho example of Denmark was soon followed in tho neighbor¬ 
ing kingdom of Prussia, and in the Netherlands; and, as wo 
shall see hereafter, these improvements have been ovorywhoro 
crowned with most flattering success. 

Under the administration of Rcventlov, a little before tho 
close of tlio last century, the Danish Government organized a 
regular system of improvement in the economy of tho dunes. 
Thoy were planted with tho arundo and other vegetables of 
similar habits, protected against trespassers, and at last partly 
covered with forest trees. By these means much wasto soil has 
been converted into arnblo ground, a largo growth of valuablo 
timbor obtained, and tho further spread of tho drifts, which 
threatened to lay wasto tho wholo peninsula of Jutland, to a 
considerable extent arrested. 

In France, tho operations for fixing and reclaiming tho duno.^ 
—which began under tho direction of Bromontier about tho 
same time as in Denmark, and which aro, in principle and in 
many of their details, similar to those omployed in tho latter 
kingdom—have been conducted on a far larger 6calo, and with 
greater success, than in any other country. This is partly ow¬ 
ing to a climate more favorable to the growth of suitablo forest 
trees than that of Northern Europe, and partly to tho liberality 
of the Government, which, having more important landed 
interests to protect, has put larger means at tho disposal of 
tho engineers than Denmark and Prussia havo found it con¬ 
venient to appropriate to that purpose. Tho area of tho dunes 
already secured from drifting, and planted by tho processes in¬ 
vented by Bremontior and perfected by his successors, is about 
100,000 acres.* This amount of productive soil, thou, has been 
added to the resources of France, and a still greater quantity 
of valuable land has been thereby rescued from tho other¬ 
wise certain destruction with which it was threatened by tho 
advance of the rolling'gand-lulls. 

Tho improvements of tho dunes on tho coast of West Prussia 

• 44 These plantations, pcroeveringlyoontinucd from the timo of Brdmontler, 
now oorer more than 40,000 hectares, and ooxnpose forests which aro not 
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began in 1795, under Soren Bjorn, a native of Denmark, and, 
with the exception of the ten years between 1807 and 1817, 
they have been prosecuted ever since. The methods do not 
differ essentially from those employed in Donmark and France, 
though they are modified by local circumstances, and, with 
respect to the trees selected for planting, by climate. In 1850, 
between the mouth of the Vistula and Kahlbcrg, 0,300 acres, 
including about 1,900 acres plautcd with pines and birches, 
had been secured from drifting; between Kahlbcrg and the 
eastern boundary of West Prussia, 8,000 acres; and important 
preliminary operations had been carriod on for subduing the 
dunes on the west coast.* 

The tree which has been found to thrive best upon the 
sand-hills of the French coast, and at the same time to confine 
♦the sand most firmly and yield the largest pecuniary returns, 
is the maritime pine, Pinus maritima , a species valuable both 
for its timber and for its resinous products. It is always grown 
from seed, and the young shoots require to bo protected for 
several seasons, by the branches of other trees, planted in rows, 
or spread over the surface and staked down, by the growth of 
the Amnio arenaria, and other small sand-plants, or by wat¬ 
tled hedges. The beach, from which the sand is derived, has 
been generally planted with the arundo, because the pine does 
not thrive well so near the sea; but it is thought that a species 
of tamarisk is likely to succeed in that latitude even better 
than the arundo. The shade and the protection offered by the 
branching top of this pine are favorable to the growth of decid¬ 
uous trees, and, while still young, of shrubs and smaller plants, 
which contribute more rapidly to the formation of vegetable 
mould, and thus, when the pine has once taken root, the re¬ 
demption of the waste is considered as effectually secured. 

In France, the maritime pine is planted on the sands of the 

only the salvation of the department, but oonstitute its wealth."— OLAVtf, 
titudei Fore*ttire* % p. 254. 

Other authors have stated the plantations of the French dunes to be much 
more extensive. 

* Kbusb, D&runbau, pp. 84, 36, 40. 
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interior as well as on tlio dunes of the seacoast, and with equal 
advantage. This tree resembles the pitch pine of the Southern 
American States in its habits, and is applied to the same uses. 
The extraction of turpentine from it begins at the ago of about 
twenty years, or when it has attained a diameter of from nine 
to twelve inches. Incisions are mado up and down the trunk, 
to the depth of about half an inch in the wood, and it is insist¬ 
ed that if not more than two such slits are cut, the treo is not 
sensibly injured by the process. The growth, indeed, is some¬ 
what checked, but the wood becomes superior to that of trees 
from which the turpentine is not extracted. Thus treated, tho 
pine continues to flourish to tho ago of one hundred or one 
hundred and twenty years, and up to this ago tho trees on an 
acre yield annually 300 pounds of essence of turpentine, and 250 
pounds of resin, worth together not far from ten dollars. This 
expense of extraction and distillation is calculated at about four 
dollars, and a clear profit of more than five dollars per aero is 
loft.* This is exclusive of tho value of tho timber, when finally 
cut, which, of course, amounts to a very considerable sum. 

In Denmark, whero tho climate is much colder, hardier 
conifers, as well as tho birch and other northern trees, are 
found to answer a better purpose than tho maritimo pino, and 
it is doubtful whether this treo would be ablo to resist tho win¬ 
ter on tho dunes of Massachusetts. Probably tho pitch-pine of 

* These processes are substantially similar to thoso employed in tho pinories 
of the Carolinas, but they aro better systematized and more economically 
conducted in Franco. In tho latter country, all tho produots of tho pino, even 
to the cones, find a remunerating markot, while, in America, tho price of resin 
is so low, that in tho fierce steamboat races on tho great rivora, large quantities 
of it aro thrown into tho furnaces to incrcaso tho intensity of tho fires. In a 
carefully prepared articlo on the Southern piuorics published in on American 
magazine—I think Harper’s—a few years ago, it was 6tatod that the resin 
from the turpentine distilleries was sometimos allowed to run to wasto; and 
tho writer, in one instonoo, observed a mass, thus rejected ns rubbish, which 
was estimated to amount to two thousand barrels. Olmstod saw, noar a dis¬ 
tillery which hod been in operation but a singlo year, a pool of resin estimated 
to contain three thousand barrels, which had boon allowed to run off as waste. 
—A Journey in the seaboard Slace States^ 1803, p. 340. 
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tlie Northern States, in conjunction with some of the American 
oaks, birches, and poplars, and especially the robinia or locust, 
would prove very suitable to be employed on the sand-hills of 
Cape Cod and Long Island. The ailauthus, now coming into 
notice as a sand-loving tree, some spocics of tamarisk, and 
perhaps the Aqpressus macrocarj>a , already found useful on 
the dunes in California, may prove valuable auxiliaries in re¬ 
sisting the encroachment of drifting sands, whether in America 
or in Europe, and the intermixing of different species would 
doubtless be attended with as valuable results in this as in other 
branches of forest economy. 

It cannot, indeed, be affirmed that human power is able to 
arrest altogether the incursions of the waves on Bandy coasts, 
by planting the beach, and clothing the dunes with wood. On 
the contrary, both in Holland and on the French coast, it has 
been found necessary to protect the dunes themselves by piling 
and by piers and sea-walls of heavy masonry. But experience 
has amply shown that the processes referred to are entirely 
successful in preventing the movement of the dunes, and the 
drifting of their sands over cultivated lands behind them; and 
that, at the same time, the plantations very much retard the 
landward progress of the waters.* 

Besides the special office of dune plantations already noticed, 
these forests have the same general uses os other woods, and 
they have sometimes formed by their droppings 60 thick a layer 
of vegetable mould that the sand beneath has become sufficiently 
secured to allow the wood to be felled, and the surface to be 
ploughed and cultivated with ordinary field crops. 

In some cases it has been found possible to confine and 
cultivate coast sand-hills, even without preliminary forestal 
plantation. Thus, in the vicinity of Cap Breton in France, a 
peculiar process is successfully employed, both for preventing 
the drifting of dunes, and for rendering the sands themselves 

* Bee a very interesting artiole entitled 41 Le Littoral de la France,** by 
ELzeda Beolus, in the Rmu de$ Dew Mondet for Deoember, 1862, pp. 901, 
986. 
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immediately productive; but this method is applicable only in 
exceptional cases of favorable climate and exposure. It consists 
in planting vineyards upon the dunes, and protecting them by 
hedges of broom, Erica scoparia, so disposed os to form 
rectangles about thirty feet by forty. The vines planted in 
these enclosures thrive admirably, and the grapes produced by 
them are among the best grown in France. The dunes aro so 
far from being an unfavorable soil for the vine, that fresh sea- 
sand is regularly employed as a fertilizer for it, alternating 
every other season with ordinary manure. The quantity of 
sand thus appliod every second year, raises the surface of the 
vineyard about four or live inches. Tho vines aro cut down 
every year to three or four shoots, and the raising of the soil 
rapidly covers tho old stocks. As fast as buried, they send out 
new roots near tho surface, and thus tho vineyard is constantly 
renewed, and has always a youthful appearance, though it may 
have been already planted a couplo of generations. This 
practice is ascertained to have been followed for two centuries, 
and is among tho oldest well-authenticated attompts of man to 
resist and vanquish the dunes.* 

The artificial removal of dunes, no longer necessary as a 
protection, does not appear to have been practised upon a largo 
6calo except in tho Netherlands, where tho numerous canals 
furnish an easy and economical means of transporting the 
sand, and where tho construction and maintenance of sea and 
river dikes, and of causeways and other embankments and 
fillings, create a great demand for that material. Sand is also 
employed in Holland, in largo quantities, for improving the con¬ 
sistence of the tough clay bordering upon or underlying diluvial 
deposits, and for forming an artificial soil for tho growth of 
certain garden and ornamental vegetables. When tho dunes 
aro removed, the ground they covered is restored to the domain 
of industry; and tho quantity of land recovered in tho Neth¬ 
erlands by tho removal of tho barren sands which encumbered 
it, amounts to hundreds and perhaps thousands of acres, 

* BorrxL, Mist tn valour da Terra pautres, pp. 212, 218. 
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Inland Dunes . 

Yost deposits of sand, both in the form of dunes and of 
plains, are found far in the interior of continents, in the Old 
World and in the Now. The deserts of Gobi, of Arabia, and 
of Africa have been rendered familiar by the narratives of 
travellers, but the sandy wildernesses of America, and even of 
Europe, have not yet beeu generally recognized as important 
elements in the geography of the regions where they occur. 
Thero are immense wastes of drifting sands in Poland and 
other interior parts of Europe, in Peru, and in the less known 
regions of our own Western territory, where their extent is 
greater than that of all the coast dunes together which have 
hitherto been described by European and American gcogra- 
phcrs. # 

The inland sand-hills of both hemispheres are composed of 
substantially the same material and aggregated by tlio aetiou 
of the same natural forces os tho dunes of the coast. There 
is, therefore, a general resemblance between them, but they 
appear, nevertheless, to bo distinguished by cortain differences 
which a more attentive study may perhaps enable geologists 
to recognize in the sandstone formed by them. The sand of 
which they are composed comes in both principally from tho 
bed of tho sea being brought to tho surface in ono case by the 
action of the wind and tho waves, in the other by geological 
upheaval.f Tho sand of the coast dunes is rendered, to a 

* On the Niobrara river alone, tho dunes cover a surface of twenty thousand 
■quaro miles.—H aydbn, Report on Geological Survey of Wyoming , 1870, p. 108. 

t American observers do not agree in their descriptions of tho form and 
charaotor of the sand-grains which oompose the interior dunca of tho North 
American desert. 0. 0. Parry, geologist to the Mexican Boundary Com¬ 
mission, in desoribing the dunes near the station at a spring thirty-two miles 
west from the Bio Grande at El Paso, says: 44 The separate grains of the sand 
composing the sand-hills are seen under a lens to be angular, and not rounded, 
m would be the oase in regular beaoh deposits. w — U. & Mexican Boundary 
Survey, Report of, vol. i., Geological Report of O. 0. Parry, p. 10. 

In the general description of the oountry travorsod, same volume, p. 47, 
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certain extent, cohesive by moisture and by the 6aline and 
other binding ingredients of sea-water, while long exposure to 
meteoric influences has in a great measure deprived the inland 
sands of these constituents, though there are not wanting 
examples of largo accumulations of sand far from tho sea, and 
yet agglutinated by saline material. Hence, as might bo ex¬ 
pected, inland dunes, when not confined by a fixed nucleus, are 
generally more movable than those of tho coast, and tho form 
of such dunes is more or less modified by their want of con¬ 
sistence. Thus, tho crescent or falciform shape is described by 
all observers as more constant and conspicuous in these sand¬ 
hills than in those of littoral origin; they tend less to unite in 
continuous ridges, and they rarely attain tho height or othor di¬ 
mensions of tho dunes of tho sea*horo. 

Meyer describes tho sand-hills of tho Peruvian desert as 
perfectly falciform in shapo and from seven to fifteen feet high, 
tho chord of their arc measuring from twenty to seventy paces. 
The slope of the convex face is described as very small, that of 
tho concave as high os 70° or SO 0 , and their surfaces wero 
rippled. No smaller dunes were observed, nor any in tho 
process of formation. The concave sido uniformly faced the 


Colonel Emory says that on on “ examination of tho sand with a microscopo 
of sulHoicnt power,’ 1 tho grains aro soon to bo angular, not rounded by rolling 
in water. 

On tho other hand, Blako, in Oc//IoqicaI Rjyort, Pacific Railroad Pep ., voL 
v., p. 119, obsorves that tho grains of tho duno sand, consisting of quartz, 
chalcedony, camelian, agato, rose quartz, and probably chrysolito, woro much 
rounded; and on pago 241, ho says that many of tho sand grains of the 
Colorado dcsort aro pcrfoct spheres. 

On pago 20 cf a report in vol. ii. of tho Pacific Riilroad ficjwrt, by tho samo 
observer, it is said that an examination of duno sands brought from tho Llano 
Eutaoado by Captain Pope, showod tho grains to be “much rounded by 
attrition." 

Tho sandd described by Hr. Parry and Colonol Emory aro not from the same 
localities os those examinod by Mr. Blake, and tho difference in their character 
may bo duo to a diCoronoe of origin or of ago. 

In New Mexico, sixty miles south of Fort Stanton, thoro aro inland dunos 
composed of finely granulated gypsum.— American Natural* t t Jan. 1871, 
p.603. 
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north-west, except towards the centre of the desert, where, for a 
distance of one or two hundred paces, they gradually opened 
to the west, and then again gradually resumed the former 
position. 

Tschudi observed, in the same desert, two species of dunes, 
fixed and movable, and he ascribes a falciform shape to the 
movable, a conical to the fixed dunes, or medanos. “ The me- 
danos,” ho observes, “are hillock-like elevations of sand, some 
having a firm, others a loose base. The former [latter], which 
are always crescent-shaped, are from ten to twenty feet high, 
and have an acute crest. The inner side is perpendicular, and 
the outer or bow side forms an angle with a steep inclination 
downwards. # When driven by violent winds, the medanos pass 
rapidly ovor the plains. The smaller and lighter ones move 
quickly forward, before the larger; but the latter soon overtake 
and crush them, whilst they are themselves shivorod by the 
collision. Those medanos assume all sorts of extraordinary 
figures, and sometimes move along the plain in rows forming 
most intricate labyrinths. • . . A plain often appears to be 
covered with a row of medanos, and some days afterwards it is 
again restored to its level and uniform aspect. • • . 

“ The medanos with immovable bases are formed on tho 
blocks of rocks which are scattered about the plain. Tho sand 
is driven against them by the wind, and os soon os it roaches 
the top point, it descends on the other side until that is likewise 
covered; thus gradually arises a conical-formed liilLf Entire 
hillock chains with acute crests are formed in a similar mauner. 
... On their southern declivities are found vast masses 
of sand, drifted thither by the mid-day gales. Hie northern 
declivity, though not steeper than tho southorn, is only spar- 

* Tbs dunes of the plains between Bokhara and the Onus are aU horse-shoe 
shaped, oonvex towards the north, from whioh the prevailing wind blows. On 
this side they are sloping, inside preoipitous, and from fifteen to twenty feet 
high.—Burnt es, Journal in Bokhara, it, pp. 1, S. 

t The sand-hills observed by Desor in the Algerian desert were fined, chang¬ 
ing their form only on the aurfaoe as sand wm blown to and from them.— 
Sahara and Allas, I860, p. 81. 
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ingly covered with sand. If a hillock chain somewhat distant 
from the sea extends in a lino parallel with tho Andes, namely, 
from S. S. E. to N. N. W., the western declivity is almost en¬ 
tirely free of sand, as it is driven to the plain below by tho 
south-east wind, which constantly alternates with tho wind from 
the south.” * 

It is difficult to reconcile this description with that of Mcyen, 
but if confidence is to be reposed in the accuracy of either 
observer, the formation of the sand-liills in question must bo 
governed by very different laws from those which determine 
the structure of coast dunes* Captain Gilliss, of tho American 
navy, found tho sand-hills of tho Peruvian dosort to bo in 
general orescent-shaped, as described by Mcyen, and a similar 
structure is said to characterise the inland dunos of tho Llano 
Estaoado and othor plateaus of the North Amorioan dosort, 
though those latter are of greater height and other dimensions 
than those described by Mcyen. Thoro is no very obvious 
explanation of this difference in form hetwoon maritime and 
inland sand-hills, and tho subject merits investigation* It is, 
however, probable that tho great, mobility of tho flying dunes 
of tho Peruvian desert is an effect of their dryness, no rain 
falling in that desert, and of tho want of salt or other binding 
material to hold thoir particles together. 

Inland Sand Plain*. 

The inland sand plains of Europe aro either derived from 
the drifting of dunes or other beach sands, or consist of dilu¬ 
vial deposits, or are ancient sea-beds uplifted by geological 
upheaval* As we have soon, when oneo tho iutorior of a dune 
is laid open to the wind, its contouts are soon scattered far and 
wide ovorthe adjacent country, aud tho boach sands, no longor 
cheeked by the rampart which naturo had constrained thorn to 
build against thoir own encroachments, are also carried to oon- 
sidorable distances from tho coast* Fow regions have suffered 
•ZVawii in JVy, Nsw York, 184$, stop, is* 
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so much from this cause, in proportion to their extent, as the 
peninsula of Jutland. So long as the woods, with which nature 
had planted the Danish dunes, were spared, they seem to have 
been stationary, and we have no historical evidence, of an 
earlier date than the sixteenth century, that they had become in 
any way injurious. From that period there are frequent noti¬ 
ces of the invasions of cultivated grounds by the sands; and 
excavations are constantly bringing to light proof of human 
habitation and of agricultural industry, in former ages, on soils 
now buried beneath deep drifts from the dunes and beaches of 
the seacoast.* 

Extensive tracts of valuable plain land in the Netherlands 
and in Franco have been covered in the same way with a layer 
of sand deep enough to render them infertile, and they can be 
restored to cultivation only by processes analogous to those 
employed for fixing and improving the dunes.f Diluvial sand 
plains, also, have been reclaimed by these methods in the 
Duchy of Austria, botwoen Vienna and the Semmering ridge, 
in Jutland, and in the great champaign country of Northern 
Germany, especially the Mark Brandenburg, where artificial 
forests can bo propagated with great ease, and where, conse¬ 
quently, this branch of industry has been pursued on a great 
scale, and with highly beneficial results, both as respects the 
supply of forest products and the preparation of the soil for 
agricultural use. 

As has been already observed, inland sands are generally 
looser, dryer, and more inclined to drift, than those of the 
seacoast, where the moist and saline atmosphere of the ocean 
keeps them always more or less humid and cohesive. The 
sands of the valley of the Lower Euphrates—themselves 
probably of submarine origin, and not derived from dunes— 

* For details, oonsult Andbeskn, Om KUtfcrmationm , pp. 228, 280. 

f When the deposit is not very deep, and the adjacent land lying to the lee¬ 
ward of the prevailing winds is oorered with water, or otherwise worthless, 
the sarfaoe is sometimes freed from the drifts by repeated borrowings, which 
loosen the sand, so that the wind takes it np and transports it to grounds 
wVi aoonm*MioQS of ft are less injurious. 
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are advancing to the nortli-we6t with a rapidity which seems 
fabulous when compared with the slow movement of the sand¬ 
hills of Gascony and the Low German coasts. Loftus, speak¬ 
ing of Niliyya, an old Arab town a few miles east of the ruins 
of Babylon, says that, “ in 1848, the sand began to accumulate 
around it, and in six years, the desert, within a radius of six 
miles, was covered with little, undulating domes, while the ruins 
of the city were so buried that it is now impossible to trace 
their original form or extent.” * Loftus considers this sand- 
flood as the “ vanguard of those vast drifts which advancing from 
the south-east, threaten eventually to overwhelm Babylon and 
Baghdad.” 

An observation of Layard, cited by Loftus, appears to mo 
to furnish a possible explanation of this irruption. lie “ passod 
two or three places where the sand, issuing from the earth like 
water, is called * Aioun-er-rummaV 6and springs.” Those 
“ springs ” are very probably merely the drifting of sand from 
the ancient subsoil, where the protecting crust of aquatic de¬ 
posit and vegetable earth has been broken through, as in the 
case of the drift which arose from the upturning of an oak 
mentioned on a former page. When the valley of the Eu¬ 
phrates was regularly irrigated and cultivated, the underlying 
sands were bound by moisture, alluvial slime, and vegetation; 
but now, that all improvement is neglected, and the surface, no 
longer watered, has become parched, powdery, and naked, a 

* Travels and Researches in Chaldaa , chap. ix. 

Dwight mentions ( Travels , vol. iiL, p. 101) on instance of great mischief 
from the depasturing of the beach grass which had boon planted on a sand 
plain in Cape Cod: “ Here, about ono thousand acres were entirely blown 
away to the depth, in many places, of ten feet. . • • Not a green thing was 
visible exoept the whortleberries, whioh tufted a few lonely hillocks rising to 
the height of the original surface and prevented by this defeneo from being 
blown away also. These, although thoy variod the prospeot, added to the 
gloom by thoir strongly picturesque appearance, by marking exaotly the origi¬ 
nal level of the plain, and by showing us in this manner the immensity of 
the mass which had been thus carried away by the wind. The beach gross 
had been planted here, and the ground had been formerly enolosed; but the 
gates had been left open, and the cattle had destroyed this invaluable plant, w 
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mere accidental fissure in the superficial stratum may soon be 
enlarged to a wide opening, that will let loose sand enough to 
overwhelm a province. 

The Landes of Gascony . 

The most remarkable sand plain of France lies at the south¬ 
western extremity of the empiro, and is generally known as 
the Landes, or heaths, of Gascony. Clav<5 thus describes it: 
“ Composed of pure sand, resting on an impermeable stratum 
called alios, the soil of the Landes was, for centuries, consid¬ 
ered incapable of cultivation.* Parched in summer, drowned 
in winter, it produced only ferns, rushes, and heath, and 
scarcely fumishod pasturage for a few half-starved flocks. To 
crown its miseries, this plain was continually threatened by 
the encroachments of the dunes. Vast ridges of sand, thrown 
up by the waves, for a distance of more than fifty leagues along 
the coast, and continually renewed, were driven inland by the 
west wind, and, as they rolled over the plain, they buried the 
soil and the hamlets, overcame all resistance, and advanced 
with fearful regularity. The whole province seemed devoted 
to certain destruction, when Brdmontier invented his method 
of fixing the dunes by plantations of the maritime pine. ,, f 

Although the Landes had been almost abandoned for ages, 
they show numerous traces of ancient cultivation and pros¬ 
perity, and it is principally by means of the encroachments of 
the sands that they have become reduced to their present deso¬ 
late condition. The destruction of the coast towns and harbors, 
which furnished markets for the products of the plains, (he 
damming up of tho rivers, and the obstruction of the smaller 
channels of natural drainage by the advance of tho dunes, 

* The alios, whioh from ite color and ooniiafeenoe was supposed to be a 
ferruginous formation, appears from reoent observations to oontaln little iron 
and to owe most of its peculiar properties to vegetable elements oarried down 
Into the soil bj the percolation of rain-water. See lisvus dee Earn st Farits 
for 1870, p. 801. 

f £tudss FarestUrss , p. 850. See, also, Eeclus, La Terrs, L, 105,108. 
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were no doubt very influential causes; and if we add the drift* 
mg of the sea-sand over the soil, we have at least a partial ex¬ 
planation of the decayed agriculture and diminished population 
of this great waste. When the dunes were once arrested, and 
the soil to the east of them was felt to be secure against inva¬ 
sion by them, experiments, in the way of agricultural improve¬ 
ment, by drainage and plantation, were commenced, and they 
have been attended with such signal success, that the complete 
recovery of one of the dreariest and most extensive wastes in 
Europe may be considered as both a probable and a near 
event.* 

In the northern part of Belgium, and extending across the 
confines of Holland, is another very similar heath plain, called 
the Campine. This is a vast sand flat, interspersed with marshes 
and inland dunes, and, until recently, considered almost wholly 
incapablo of cultivation. Enormous sums had boon expended 
in reclaiming it by draining and other familiar agricultural pro¬ 
cesses, but without results at all proportional to the capital 

• Laveuonb, tconomie Rurale <U la France , p. 300, estimates the area of 
the Landes of Gascon/ at 700,000 hectares, or about 1,700,000 acres. The 
same author states (p. 301), that when the Moon were driven from Spain by 
the blind cupidity and brutal intolerance of the age, they demanded permission 
to establish themselves in this desert; but political and religious prejudices 
prevented the granting of this liberty. At this period the Moon were a far 
more cultivated people than their Christian persecutors, and they had carried 
many arts, that of agriculture especiaUy, to a higher pitch than any other 
European nation. But France was not wise enough to accept what Spain hod 
oast out, and the Landes remained a waste for throe centuries longer. 

For a bulliont account of the improvement of the Landes, see Edmond 
About, Le Progrhy chap. vil. 

The forest of Fontainobleau, whioh contains above 40,000 acres, is not a 
plain, but its soil is composed almost wholly of sand, interspersed with ledges 
of rock. The sand forms not less than ninety-eight per cent of the earth, and, 
as it is almost without water, it would be a drifting desert bnt for the artilloial 
propagation of forost trees upon it. 

The Landes of Solognc and of Bronne are loss known than those of Gas¬ 
cony, because they are not upon the old greAt lines of communication. They 
once oomposed a forost of 1,200,000 acres, but by olearing the woods have 
relapsed into their primitive condition of a barren sand waste. Active efforts 
are now in progress to reclaim them. 
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invested. In 1849, the unimproved portion of the Campine 
was estimated at little less than three hundred and fifty thou¬ 
sand acres. The example of France prompted experiments 
in the planting of trees, especially the maritime pine, upon 
this barren waste, and the results have now been such as to show 
that its sands may both be fixed and made productive, not only 
without loss, but with positive pecuniary advantage.* 

There are still unsubdued sand wastes in many parts of in¬ 
terior Europe not familiarly known to tourists or even geo¬ 
graphers. “ Olkuez and Schiowier in Poland,” says Naumann, 
" lie in true sand deserts, and a boundless plain of sand stretches 
around Ozenstockau, on which there gro«;s neither tree nor 
shrub. In heavy winds, this plain resembles a rolling sea, and 
the sand-hills rise and disappear like the waves of the ocean. 
The heaps of waste from the Olkuez mines are covered with 
send to the depth of four fathoms,” f No attempts have yet 
been made to subdue the sands of Poland, but when peace and 
prosperity shall be restored to that unhappy country, thoro is 
no reasonable doubt that the measures, which have proved so 
successful on similar formations in Germany and near Odessa, 
may bo employed with advantage in the Polish deserts.^: 

* Economic Jluralc dc la Belgique , par Emile db Lavei.eyb, Revue dec 
Deux Monday Join, 1861, pp. 017-644. The quantity of land annually re¬ 
claimed on the Campine U stated at about 4,000 acres. Canals for navigation 
and irrigation have boon oonstruotod through tho Campine, and it is said that 
Its barren sands, improved at an expense of one hundred dollars per acre, 
yield, from the socond year, a return of twenty-five doUars to the acre. 

f Qeognoeie , ii., p. 1173. 

t “ Sixteen years ago,” says an Odessa landholder, 14 1 attempted to fix tho 
sand of the steppes, which oovers the rooky ground to the depth of a foot, 
and forms moving hillocks with every change of wind. I tried acaoias and 
pines in vain; nothing would grow in suoh a soil. At length I planted the 
varnish tree, or ailanthuc, which succeeded completely in binding tho sand.” 
This result enoouroged the proprietor to extend his plantations over both 
dunes and sand steppes, and in the oourse of sixteen years this rapidly grow¬ 
ing tree had formed real forests. Other landholders have imitated his ex* 
ample with great advantage.— Eextbco, Dcr Wald, pp. 44,46. 
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Cutting of Isthmuses—Canal of Suez—Maritime Canals in Greece —Canals to 
Dead Sea—Canals to Libyan Desert—Maritime Canals in Europe—Cape 
Cod Canal—Changes in Caspian—Diversion of the Nile—Diversion of the 
Rhine—Improvements in North American Hydrography'—Soil bolow 
Rock—Covering Rock with Earth—Desert Valleys—Effects of Mining— 
Duponohol’s Plans of Improvement—Action of Man on the Weather- 
Resistance to Great Natural Foroes—Incidental Effeote of Human AotJpn 
—Nothing small in Nature. 

In a former cliaptor I spoko of tlio influonco of human ac¬ 
tion on the surface of tlio globe as immensely superior in 
degree to that exerted by brute animals, if not essentially dif¬ 
ferent from it in kind. The eminent Italian geologist, Stop- 
pani, goes further than I had ventured to do, and treats the 
action of man as a new physical clement altogether svi generis. 
According to him, the existence of man constitutes a geological 
period which ho designates as the anthrojwsoio era . “Tho 
creation of man,” 6ays he, “ was tho introduction of a now cle¬ 
ment into nature, of a force wholly unknown to earlier- 
periods.” “ It is a new telluric force which in power and uni¬ 
versality maybe compared to tho greater forces of the earth.” w 
It has already been abundantly shown that, though the unde¬ 
signed and unforeseen results of man’s action on tho geogra¬ 
phical conditions of tho earth have perhaps been hitherto 
greater and more revolutionary than the effects specially aimed 
at by him, yet there is scarcely any assignable limit to his 

* Gorio di Geologic^ Milano, 1873, voL 1L, cap. saud., § 1337. 

3d 
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present and prospective voluntary controlling power over ter¬ 
restrial nature. 


Cutting of Marino Isthmuses. 

Besides the great enterprises of physical transformation of 
which 1 have already spoken, other works of internal improve¬ 
ment or change have been projected in ancient and modern 
times, the execution of which would produce considerable, and, 
in some cases, extremely important, revolutions in the face of 
the earth. Some of the schemes to which I refer are evidently 
chimerical; others are difficult, indeed, but cannot be said to 
be impracticable, though discouraged by the apprehension of 
disastrous consequences from tho disturbance of existing natu¬ 
ral or artificial arrangements; and there arc still others, tho 
accomplishment of which is ultimately certain, though for the 
present forbidden by economical considerations. 

Nature sometimes mocks the cunning and the power of man 
by spontaneously performing, for his benefit, works which he 
shrinks from undertaking, and the execution of which by him 
she would resist with unconquerable obstinacy. A dangerous 
sand bank, that all tho enginery of the world could not dredge 
out in a generation, may be carried off in a night by a strong 
river-flood, or by a current impelled by a violent wind from an 
unusual quarter, and a passage scarcely navigable by fishing- 
boats may be thus converted into a commodious channel for the 
largest ship that floats upon the ocean. In the remarkable gulf 
of Liimfjord iu Jutland, referred to in the preceding chapter, 
nature has given a singular example of a canal which she alter¬ 
nately opens as a marine strait, and, by shutting again, converts 
Into a fresh-water lagoon. The Liimfjord was doubtless origi¬ 
nally an open channel from the Atlantio to the Baltio between 
two islands, but the sand washed up by the sea blocked up the 
western entrance, and built a wall of dunes to close it more 
firmly. This natural dike, as we have seen, has been more than 
onee broken through, and it is perhaps in the power of man. 
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oitlior permanently to maintain the barrier, or to remove it and 
keep a navigable channel constantly open. If the Liimfjord 
becomes an open strait, the washing of sea-sand through it 
would perhaps block some of the belts and small channels 
now important for the navigation of the Baltic, and the direct 
introduction of a tidal current might produce very perceptible 
effects on the hydrography of the Cattcgat. 

When we consider the number of narrow necks or isthmuses 
which separate gulfs and bays of the sea from each other, or 
from the main ocean, and take into account the time and cost, 
and risks of navigation which would bo saved by executing 
channels to connect such waters, and thus avoiding the neces¬ 
sity of doubling long capes and promontories, or even conti¬ 
nents, it seems strange that more of tho enterprise and money 
which have been so lavishly expended in forming artificial 
rivers for internal navigation should not have been boatowed 
upon the construction of maritime canals. Many such have 
been projected in early and in recent ages, and somo trifling 
cuts between marine waters had been actually made; but before 
the construction of tho Suez Canal, no work of this sort, pos¬ 
sessing real geographical or even commercial importance, had 
been effected. 

These enterprises are attended with difficulties and open to 
objections which are not, at first sight, obvious. Nature guards 
well tho chains by which she connects promontories with main¬ 
lands, and binds continents together. Isthmuses are usually 
composed of adamantine rock or of shifting sands—the latter 
being much the more refractory material to deal with. In all 
such works there is a necessity for deep excavation below low- 
water mark—-always a matter of great difficulty; tho dimen¬ 
sions of channels for sea-going ships must bo much greater 
than those of canals of inland navigation; tho height of tho 
masts or smokepipes of that class of vossols would often ren¬ 
der bridging impossible, and thus a ship-canal might obstruct a 
communication more important than that which it was intended 
to promote; the securing of tho entrances of marine canals 
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and tlio construction of ports at their termini would in general 
bo difficult and expensive, and the harbors and the channel 
which connected them would be extremely liable to fill up by 
deposits washed in from sea and shore. Besides all this there 
is, in many cases, an alarming uncertainty as to the effects of 
joining together waters which nature has put asunder. A new 
channel may deflect 6trong currents from safe courses, and thus 
occasion destructive erosion of shores otherwise secure, or pro¬ 
mote the transportation of sand or slime to block up important 
harbors, or it may furnish a powerful enemy with dangerous 
facilities for hostile operations along tho coast. 

The most colossal project of canalization ever suggested, 
whether we consider the physical difficulties of its execution, 
the magnitude and importance of the waters proposed to be 
united, or the distance which would be saved in navigation, is 
that of a channel between the Gulf of Mexico and the Pacific, 
across the Isthmus of Darien. I do not now speak of a lock- 
canal, by way of the Lake of Nicaragua or any other route— 
for such a work would not differ essentially from other canals, 
and would scarcely possess a geographical character—but of an 
open cut between the two seas. The late survey by Captain 
Selfridge, showing that the lowest point on the dividing ridge is 
763 feet above the sea-level, must be considered as determining 
in the negative the question of the possibility of such a cut, by 
any means now at the control of man; and both tho sanguine 
expectations of benefits, and the dreary suggestions of danger, 
from the realization of this great dream, may now be dismissed 
as equally chimerical. 


Suez Canal. 

The cutting of the Isthmus of Suez—the grandest and most 
truly cosmopolite physical improvement ever undertaken by 
man—threatens none of these dangers, and its only immediate 
geographical effect will probably be that interchange between 
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the aquatic animal and vegetable life of two seas and two zones 
to which I alluded in a former chapter.* 

A collateral feature of this great enterprise deserves notice as 
possessing no inconsiderable geographical importance. I refer 
to the conduit or conduits constructed from the Nile to the 
isthmus, primarily to supply fresh water to the laborers on the 
great canal, and ultimately to serve as aqueducts for the city 
of Suez and other towns on the line of the canal, and for the 
irrigation and reclamation of a large extent of desert soil. In 
the flourishing days of the Egyptian empire, the waters of the 
Kile were carried over important districts cast of the river. In 
later ages, most of this territory relapsed into a desert, from 
the decay of the canals which once fertilized it. There is no 
difficulty in restoring the ancient channels, or in constructing 
new, and thus watering not only all the soil that the wisdom 
of the Pharaohs had improved, but much additional land. 
Hundreds of square miles of arid sand waste would thus be 
converted into fields of perennial verdure, and the geography 
of Lower Egypt would be thereby sensibly changed. Con¬ 
siderable towns are growing up at both ends of the channel, 
and at intermediate points, all depending on the maintenance 
of aqueducts from the Kile, both for water and for the irrigation 
of the neighboring fields which are to supply them with bread. 
Important interests will thus bo created, which will 6ecuro the 
permanence of the hydraulic works and of the geographical 
changes produced by them, and Suez, or Port Said, or Ismailich, 
may become the capital of the government which has been so 
long established at Cairo. 

Maritime Canals in Greece. 

A maritime canal executed and another projected in ancient 
times, the latter of which is again beginning to cxcito attention, 

* According to on article by Ascherson, in Petcrmonn’s SlUUuUungcu % vol. 
xvii., p. 247, the sea-gross floras of the opposite sides of the Isthmus of Sues 
are ae different oe possible. It does not appear whother they have yet in¬ 
termixed. 
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deserve some notice, though their importance is of a com¬ 
mercial rather than a geographical character. The first of 
these is the cut made by Xerxes through the rock which 
connects the promontory of Mount Athos with the mainland; 
the other, a navigable canal through the Isthmus of Corinth. 
In spite of the testimony of Herodotus and Thucydides, the 
Homans classed the canal of Xerxes among the fables of “ men¬ 
dacious Greece,” and yet traces of it are perfectly distinct at 
the present day through its whole extent, except at a single 
point where, after it had become so choked as to be no longer 
navigable, it was probably filled up to facilitate communica¬ 
tion by land between the promontory and the countiy in the 
rear of it. 

The emperor Nero commenced the construction of a canal 
across the Isthmus of Corinth, solely to facilitate the importa¬ 
tion of grain from the East for distribution among the citizens 
of Borne—for the encouragement of general commerce was no 
part of the policy either of the republic or the empire, and 
though the avidity of traders, chiefly foreigners, secured to the 
luxury of the imperial city an abundant supply of far-fetched 
wares, yet Borne had nothing to export in return. The line of 
Nero’s excavations is still traceable for three-quarters of a mile, 
or more than a fifth of the total distance between gulf and gulf. 

If the fancy kingdom of Greece shall ever become a sober 
reality, escape from its tutelage and acquire such a moral as 
well as political status that its own capitalists—who now pre¬ 
fer to establish themselves and employ their funds anywhere 
else rather than in their native land—have any confidence in 
the permanency of its institutions, a navigable channel may be 
opened between the gulfs of Lepanto and -dSgina. The annex¬ 
ation of the Ionian Islands to Greece will make such a work 
almost a political necessity, and it would not only furnish 
valuable facilities for domestic intercourse, but become an im¬ 
portant channel of communication between the Levant and the 
countries bordering on the Adriatic, or conducting their trade 
through that sea. 
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Short as is the distance, the work would be a somewhat for¬ 
midable undertaking, for the lowest point of the summit ridge 
of tlio isthmus is stated to be 240 feet above the water, and 
consequently the depth of excavation must bo not less than 275 
feet 

As 1 have said, the importance of this latter canal and of a 
navigable channel between Mount Athos and the continent 
would be chiefly commercial, but both of them would be con¬ 
spicuous instances of the control of man over nature in a field 
where he has thus far done little to interfere with her sponta¬ 
neous arrangements. If they were constructed upon such a 
scale as to admit of the free passage of the water through them, 
in either direction, as the prevailing winds should impel it, 
they would exercise a certain influence on the coast currents, 
which are important as hydrographical elements, and also as 
producing abrasion of the coast and a drift at the bottom t>f 
seas, and hence they would bo entitled to rank higher than 
simply as artificial means of transit. 

It has been thought practicable to cut a canal across the 
peninsula of Gallipoli from the outlet of the Sea of Marmora 
Into the Gulf of Saros. It may be doubted whether the me¬ 
chanical difficulties of such a work would not be found insu¬ 
perable ; but when Constantinople shall recover the important 
political and commercial rank which naturally belongs toiler, 
the execution of such a canal will be recommended by strong 
reasons of military ex]>ediency, os well os by the interests of 
trade. An open channel across the peninsula would divort a 
portion of the water which now flows through the Darda¬ 
nelles, diminishing the rapidity of that powerful current, and 
thus in part remove the difficulties which obstruct the naviga¬ 
tion of the strait It would considerably abridge tho distance 
by water between Constantinople and the northern coast of 
the JEgean, and it would have the important advantage of 
obliging an enemy to maintain two blockading fleets instead 
of out 
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Canal* communicating with Dead Sea . 

The project of Captain Allen for opening a new route to 
India by cuts between the Mediterranean and the Dead Sea, 
and between the Dead Sea and the Bed Sea, presents many 
interesting considerations.* The hypsometrical observations of 
Bertou, Both, and others, render it highly probable, if not cer¬ 
tain, that the watershed in the Wadi-el-Araba between the 
Dead Sea and the Bed Sea is not less than three hundred 
feet above the main level of the latter, and if this is so, the 
execution of a canal from the one sea to the other is quite out 
of the question. But the summit level between the Mediter¬ 
ranean and the Jordan, near Jezrcel, is believed to bo little, if 
at all, more than one hundred feet above the 6ea, and the dis¬ 
tance is so short that the cutting of a channel through the 
dividing ridge would probably be found by no means an im¬ 
practicable undertaking. Although, therefore, we have no 
reason to believe it possible to open a navigable channel to 
India by way of the Dead Sea, there is not much doubt that the 
basin of the latter might be made accessible from the Medi¬ 
terranean. 

The level of the Dead Sea lies 1,316.7 feet below that of 
the ocean. It is bounded east and west by mountain ridges, 
rising to the height of from 2,000 to 4,000 feet above the 
ocean. From its southern end, a depression called the Widi- 
el-Araba extends to the Gulf of Akaba, the eastern arm of the 
Bod Sea. The Jordan empties into the northern extremity of 
the Dead Sea, after having passed through the Lake of Tibe¬ 
rias at an elevation of 663.4 feet above the Dead Sea, or 653.3 
below the Mediterranean, and drains a considerable valley north 
of the lake, as well as the plain of Jericho, which lies between 
the lake and the sea. If the waters of the Mediterranean were 
admitted freely into the basin of the Dead Sea, they would 
raise its surface to the general level of the ocean, and con- 
* Th$Dead Sea anno UouU to India, 2 vola lSmo, London, 1855. 
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sequently flood all the dry land below that level within the 
basin. 

I do not know that accurate levels have been takon in the 
valley of the Jordan above the Lake of Tiberias, and our infor¬ 
mation is very vague as to the hypsometry of the northern 
part of the Wadi-el-Araba. As little do we know whore a 
contour line, carried around the basin at the level of tho Medi¬ 
terranean, would strike its eastern and western borders. Wo can¬ 
not, therefore, accurately compute tho extent of now dry land 
which would be covered by the admission of tho waters of the 
Mediterranean, or tho area of tho inland sea which would be 
thus created. Its length, however, would certainly exceed one 
hundred and fifty miles, and its mean breadth, including its 
gulfs and bays, could scarcely be less than fifteen, perhaps 
even twenty. It would cover vory little ground now occupied 
by civilized or even uncivilized man, though 6omo of tho 6oil 
which would bo submerged—for instance, that watered by the 
Fountain of Elisha and other neighboring sources—is of great 
fertility, and, under a wiser government and better civil insti¬ 
tutions, might rise to importance, because, from its depression, 
it possesses a very warm climate, and might supply South-east¬ 
ern Europe with tropical products more readily than they can 
be obtained from any other source. Such a canal and sea 
would be of no present commercial importance, because they 
would give access to no new markets or sources of supply; 
but when tho fertile valleys and tho deserted plains east of 
the Jordan shall be reclaimed to agriculture and civilization, 
these waters would furnish a channel of communication which 
might become the medium of a very extensive trade. 

Whatever might bo the economical results of tho opening 
*nd filling of the Dead Sea basin, the creation of a now evap- 
orable area, adding not less than 2,000 or perhaps 8,000 
square miles to the present fluid surface of Syria, could not 
fail to produce important meteorological effects. The climate 
of Syria would probably be tempored, its procipitation and 
its fertility increased, the courses of its winds and the eleo- 
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trical condition of its atmosphere modified. The present 
organic life of the valley would be extinguished, and many 
tribes of plants And animals would emigrate from the Medi¬ 
terranean to the new home which human art had prepared 
for them. It is possible, too, that the addition of 1,800 feet, 
or forty atmospheres, of hydrostatic pressure upon the bottom 
of the basin might disturb the equilibrium between the inter¬ 
nal and the external forces of the crust of the earth at this 
point of abnormal configuration, and thus produce geological 
convulsions the intensity of which cannot be even conjectured. 

It is now established by the observations of Rohlf and others 
that Strabo was right in asserting that a considerable part of 
the Libyan desert, or Sahara, lay below the level of the Medi¬ 
terranean. At some points the depression exceeds 325 feet, 
and at Siwah, in the oasis of Jupiter Ammon, it is not less 
than 180 feet. It has been proposed to cut a canal through 
the coast dunes, on the shore south of the Syrtis Major, or 
Dsehun el Kebrit of the Arabs, and another project is to re¬ 
open the communication which appears to have once existod 
between the Palus Tritonis, or Sebcha el Nandid, and the 
Syrtis Parva. As we do not know the southern or eastern 
limits of this depression, we cannot determine the area which 
would thus be covered with water, but it would certainly bo 
many thousands of square miles in extent, and the climatic 
effects would doubtless be sensible through a considerable part 
of Northern Africa, and possibly even in Europe. Tho rapid 
evaporation would require a constant influx of water from 
the Mediterranean, which might porhaps perceptibly influenco 
the current through the Straits of Gibraltar. 

Maritime Candle in Europe. 

A great navigable out across the peninsula of Jutland, form¬ 
ing a new and short route between the North Sea and the 
Baltic, if not actually commenced, is determined upon. The 
motives for opening such a communication are perhaps rather to 
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be found in political than in geographical or even commercial 
considerations, but it will not be without an important bear¬ 
ing on the material interests of all the countries to whose peoples 
it will furnish new facilities for communication and traffic. 

The North Holland canal between the Holder and the port 
of Amsterdam, a distance of fifty miles, executed a few years 
since at a cost of $5,000,000, and with dimensions admitting 
the passage of a frigate, was a magnificent enterprise, but it is 
thrown quite into the shade by the shorter channol now in pro¬ 
cess of construction for bringing that important city into al¬ 
most direct communication with the North Sea, and thus re¬ 
storing to it something at least of its ancient commercial im¬ 
portance. The work involves 6omo of tho hoaviost hydraulic 
operations yet undertaken, including the construction of great 
dams, locks, dikes, embankmonts, and the execution of drain¬ 
ing works and deep cuttings under circumstances of oxtremo 
difficulty. In tho course of those labors many novel problems 
have presented themselves for practical solution by the inge¬ 
nuity of modem engineers, and tho now inventions and pro* 
cesses thus necessitated are valuable contributions to our means 
of physical improvement. 

Cape Cod Canal . 

Tho opening of a navigable cut through the narrow neck 
which separates tho southern part of Capo Cod Bay in Massa¬ 
chusetts from the Atlantic, was long ago suggested, and there 
are few coast improvements on the Atlantic shores of tho United 
States which are recommended by higher considerations of 
utility. It would save the most important coasting trade of 
the United Statos tho long and dangerous navigation around 
Cape Cod, afford a new and Afor entrance to Boston harbor 
for vessols from Southern ports, secure a choice of passages, 
thus permitting arrivals upon tho coast and departures from it 
at periods when wind and weather might otherwise prevent 
them, and furnish a most valuable internal communication in 
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case of coast blockade by a foreign power. The difficulties of 
the undertaking are no doubt formidable, but the expense of 
maintenance and the uncertainty of the effects of currents set¬ 
ting through the new strait are still more serious objections.* 

Changes in the Caspian. 

The Bussian Government has contemplated the establish¬ 
ment of a nearly direct water communication between the Cas¬ 
pian Sea and the Sea of Azoff, partly by natural and partly by 
artificial channels, and there are now navigable canals between 

* The opening of a channel across Cape Cod would have, though perhaps to 
a smaller extent, the same effects in interchanging the animal life of the 
southern and northern shores of the isthmus, as in the case of the Suez Canal; 
for although the breadth of Cape Cod does not anywhere exceed twenty miles, 
onA is in some places reduced to one, it appears from the official reports on the 
Natural History of Massachusetts, that the population of the opposite waters 
differs widely in speoies. 

Not having the original documents at hand, I quote on extraot from the 
Report on the Invertebrate Animal* of Mate., given by Thoreau, Excursions, p. 
60 i 44 The distribution of the marine shells is Well worthy of notloe as a 
geological foot. Cape Cod, the right arm of the Commonwealth, reaches out 
into the ocean some fifty or sixty miles. It is nowhere many miles wide; but 
this narrow point of land has hitherto proved a barrier to the migration of 
many species of mollusca. Several genera and numerous species, which are 
separated by the intervention of only a few miles of land, are effectually pre¬ 
vented from mingling by the Cape, and do not pass from one side to the other. 
.... Of the one hundred and ninety-seven marine species, eighty-three do 
not pass to the south shore, and fifty are not found on the north shore of the 
Cape.” 

Probably the distribution of the speoios of moUusks is affected by unknown 
local conditions, and therefore an open canal across the Cape might not make 
every speoies that inhabits the waters on one side common to those of the 
other; but there 04 a be no doubt that there would be a considerable migration 
In both directions. 

The foot stated in the report may snjpest an important oaution in drawing 
conclusions upon the relative age of formations from the character of their 
fossils. Had a geologioal movement or movements upheaved to different levels 
the bottoms of waters thus separated by a narrow isthmus, and dislocated the 
oonneotion between those bottoms, naturalists, in after ages, reasoning from 
the character of the fossil faunas, might have assigned them to different, and 
perhaps very widely distant, periods. 
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the Don and tho Volga; but these works, though not wanting 
in commercial and political interest, do not possess any geo¬ 
graphical importance. It is, however, very possible to pro¬ 
duce appreciable geographical changes in the basin of the Cas¬ 
pian by the diversion of the great rivers which flow from Central 
Kussia. The surface of tho Caspian is eighty-three feet below 
the level of the Sea of Azoff, and its depression has been ex¬ 
plained upon the hypothesis that tho evaporation exceeds the 
supply derived, directly and indirectly, from precipitation, 
though able physicists now maintain that the sinking of this 
sea is due to a subsidence of its bottom from geological causes. 
At Tsaritsin, the Don, which empties into the Sea of Azoif, 
and the Volga, which pours into tho Caspian, approach each 
other within ton miles. Near this point, by means of open or 
subterranean canals, the Don might be turned into the Volgy, 
or the Volga into the Don. If wo suppose tho whole or a 
large proportion of the waters of the Don to be thus diverted 
from their natural outlet and sent down to tho Caspian, the 
equilibrium between the evaporation from that sea and its 
supply of water might be restored, or its level even raised 
above its ancient limits. If the Volga wero turned into tho 
Soa of Azoff, the Caspian would be reduced in dimensions 
until the balance between loss and gain should bo re-estab¬ 
lished, and it would occupy a much smaller area than at pres¬ 
ent. Such changes in the proportion of solid and fluid surface 
would have some climatic effects in the territory which drains 
into the Caspian, and on the other hand, the introduction of a 
greater quantity of fresh water into the Sea of Azoff would 
render that gulf less saline, affect the character and numbers 
of its fish, and perhaps be not wholly without sensible influence 
on the water of the Black Sea. 


Diversion of the Nile . 

Perhaps the most remarkable project of great physical 
change, proposed or threatened in earlier ages, is that of the 
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diversion of the Nile from its natural channel} and the turning 
of its current into either the Libyan Desert or the Bed Sea. 
The Ethiopian or Abyssinian princes more than once menaced 
the Memlouk sultans with the execution of this alarming pro¬ 
ject, and the fear of so serious an evil is said to have induced 
the Moslems to conciliate the Abyssinian kings by large pres- 
sents, and by some concessions to the oppressed Christians of 
Egypt Indeed, Arabian historians affirm that in the tenth 
century the Ethiopians dammed the river, and, for a whole year, 
cut off its waters from Egypt.* The probable explanation of 
this story is to be found in a season of extreme drought, such 
as have sometimes occurred in the valley of the Nile. 

The Libyan Desert, above the junction of the two principal 
branches of the Nile at Khartum, is so much higher than the 
lerel of the river below that point, that there is no reason to 
believe a new channel for the united waters of the two streams 
could be found in that direction; but the Bahr-el-Abiad flows 
through, if it does not rise in, a great table-land, and some of 
its tributaries are supposed to communicate in the rainy season 
with branches of great rivers flowing in quite another direction. 
Hence it is probable thAt a portion at least of the waters of 
this great arm of the Nile—and perhaps a quantity the ab¬ 
straction of which would be sensibly felt in Egypt—might be 
sent to the Atlantic by the Congo or Niger, lost in inland lakes 
and marshes in Central Africa, or employed to fertilize the Lib¬ 
yan sand wastes. 

About the beginning of the sixteenth centuiy, Albuquerque 
the 44 Terrible” revived the scheme of turning the Nile into 
the Bed Sea, with the hope of destroying the transit trade 

* “ Some head writtS, that bj certain kings inhabiting aboue, the NUue 
should there be stopped; & at a time prefect, let loose vpona oertaine tribute 
payd them by the Aegyptian «. The error springing perhaps fro a truth (as 
all wandring reports for the most part doe) in that the Sultan doth pay a 
oertaine annuall summe to the Abietin Emperour for not diuerting the oourse 
of the Bluer, whioh (they say) he may, or impouerish it at the least."— 
George Saxdts, A Relation ef a Journey, etc., p. 98. Bee, also, Vaxslbs, 
Voyage on tgypU % p. 81. 
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through Egypt by way of Kosseir. In 1525 the King of Por¬ 
tugal was requested by the Emperor of Abyssinia to send him 
engineers for that purpose; a successor of that prince threat¬ 
ened to attempt the project about the year 1700, and even as late 
as the French occupation of Egypt, the possibility of driving 
out the intruder by this means was suggested in England. 

It cannot be positively affirmed that the diversion of the wa¬ 
ters of the Nile to the lied Sea is impossible. In the chain of 
mountains which separates the two valleys, Brown found a deep 
depression or wadi, extending from the one to the other, appa¬ 
rently at no great elevation above the bed of tho river, but the 
height of the summit level was not measured. 

Admitting the possibility of turning tho whole rivor into the 
Bed Sea, let us consider the probable effect of tho change. 
First and most obvious is the total destruction of tho fertility of. 
Middle and Lower Egypt, the conversion of that part of the 
valley into a desert, and the extinction of its imperfect civiliza¬ 
tion, if not the absolute extirpation of its inhabitants. This is 
the calamity threatened by the Abyssinian princes and the 
ferocious Portuguese warrior, and feared by tho Sultans of 
Egypt. Beyond these immediate and palpable consequences 
neither party then looked; but a far wider geographical area, 
aud far more extensive and various human interests, would l>e 
affected by the measure. The spread of tho Nile duriug the 
annual inundatiou covers, for many weeks, several thousand 
square miles with water, and at other seasons of the year 
pervades the same and even a larger area with moisture by infil¬ 
tration. The abstraction of so large an evaporating surface 
from the southern shores of the Mediterranean could not 
but produce important effects on many meteorological phe¬ 
nomena, and the humidity, the temperature, tho electrical con- 
dition and the atmospheric currents of North-eastern Africa 
might be modifiod to a degree that would sensibly affect the cli¬ 
mate of Europe. 

The Mediterranean, deprived of the contributions of tho Nile, 
would require a larger supply, and of course a stronger cur* 
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rent, of water from the Atlantic through the Straits of Gibral¬ 
tar ; the proportion of salt it contains would be increased, and 
the animal life of at least its southern borders would be conse¬ 
quently modified; the current which winds along its southern, 
eastern, and north-eastern shores would be diminished in force 
and volume, if not destroyed altogether, and its basin and its 
harbors would be shoaled by no new deposits from the high¬ 
lands of inner Africa. 

In the much smaller Bed Sea, more immediately perceptible, 
if not greater, effects, would be produced. The deposits of 
slime would reduce its depth, and perhaps, in the 00111*30 of 
ages, divide it into an inland and an open sea, the former of 
which, receiving no supply from rivers, would, as in the case of 
the northern part of the Gulf of California, soon be dried up 
,by evaporation, and its whole area added to the Africo-Arabian 
desert; the waters of the latter would bo more or less fresh¬ 
ened, and thoif immensely rich marine fauna and flora changed 
in character and proportion, and, near the mouth of the river, 
perhaps even destroyed altogether; its navigable channels 
would be altered in position and often quite obstructed; the 
flow of its tides would be modified by the new geographical con¬ 
ditions ; the sediment of the river would form new coast-lines 
and lowlands, which would be covered with vegetation, and pro¬ 
bably thereby produce sensible climatic changes. 

Diversion of the Rhine . 

The interference of physical improvements with vested 
rights and ancient arrangements, is a more formidable obstacle 
in old countries than in new, to enterprises involving anything 
approaching to a geographical revolution. Hence such pro¬ 
jects meet with stronger opposition in Europe than in America, 
and the number of probable changes in the face of nature in 
the former continent is proportionally less. I have noticed 
some important hydraulic improvements as already executed or 
in progress in Europe, and I may refer to some others as con- 
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templated or suggested. One of these is the diversion of the 
Rhine from its present channel below Ragatz, by a cut through 
the narrow ridge near Sargans, and the consequent turning of 
its current into the Lake of Wallcnstadt. This would be an 
extremely easy undertaking, for the ridge is but twenty feet 
above the level of the Rhine, and hardly two hundred yards 
wide. There is no present adequate motive for this diversion, 
but it is easy to suppose that it may become advisable within no 
long period. The navigation of the Lake of Constance is 
rapidly increasing in importance, and the shoaling of the east¬ 
ern end of that lake by the deposits of the Rhine may rcqniro 
a remedy which can be found by no other so ready means as the 
discharge of that river into the Lake of Wallcnstadt. The na¬ 
vigation of this latter lake is not important, nor is it ever likely 
to become so, because the rocky and precipitous character of^ 
its shores renders their cultivation impossible. It is of great 
depth, and its basin is capacious enough to receive and rotain 
all the sediment which the Rhino would carry into it for thou¬ 
sands of years.* 

Improvements in North American ITjdrograjpJnj . 

We are not yet well enough acquainted with the gcograj>hy 
of Central Africa, or of the interior of South America, to con- 
jecturo what hydrographical revolutions might there bo 
wrought; but from the fact that many important rivers in 
both continents drain extensive table-lands, of moderate eleva¬ 
tion and inclination, there is reason to supposo that important 
changes in the course of those rivers might bo accomplished. 
Our knowledge of the drainage of North America is much 

* Many goographera suppose that tho dividing ridgo between tbo Lake of Wal- 
lenstadt and the bed of the Rhino at Sargans is a fiuviatilo doponit, whioh 
has dosed a channel through whioh the Rhino anciontly discharged a part or 
the whole of its waters into the lake. In the flood of 18G8, tho water of the 
Rhine rose to tho level of tho railway station at Saigans, and for some days 
there was fear of the giving way of tho baxrior and the diversion of the cur¬ 
rent of the river into the lake. 

40 
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more complete, and it is certain that there are numerous points 
within our territory where the courses of great rivers, or the 
discharge of considerable lakes, might be completely diverted, 
or at least partially directed into different channels. 

The surface of Lake Erie is 665 feet above that of the Hud¬ 
son at Albany, and it is so near the level of the great plain 
lying cast of it, that it was found practicable to supply the 
western section of the canal, which unites it with the Hudson, 
with water from the lake, or rather from the Niagara which 
flows out of it. The greatest depth of water yet sounded in 
Lake Eric is but two hundred and seventy feet, the mean depth 
one hundred and twenty. Open canals parallel with the Nia¬ 
gara, or directly towards the Genesee, might be executed upon a 
scale which would exercise an important influence on the drain¬ 
age of the lake, if there were any adequate motive for such an 
undertaking. Still easier would it bo to enlarge the outlet for 
the waters of Lake Superior at the Saut St. Mary—where the 
river which drains the lake descends twenty-two feet in a single 
inilo—and thus to produce incalculable effects, both upon that 
lake and upon the great chain of inland waters which com¬ 
municate with it. 

The summit level between the surface of Lake Michigan at 
its mean height and that of the Ilivor Dos Plaines, a tributary 
of the Illinois, at a point some ten miles west of Chicago, is 
but ten and a half feet above the lake. The lake once dis¬ 
charged a part or the whole of its watcre into the valley of the 
Des Plaines. A slight upheaval, at an unknown period, eleva¬ 
ted the bed of the Des Plaines, and the prairie between it and 
.the lake, to their present level, and the outflow of the lake was 
turned into a new direction. The bed of the Des Plaines is 
higher than the surface of the lake, and in recent times the 
Des Plaines, when at flood, has sent more or less of its waters 
across the ridge into the bed of the South Branch of Chicago 
River, and so into Lake Michigan. 

A navigable channel has now been cut, admitting a constant 
flow of water from the lake, by the valley of the Des Plaines, 
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into the Illinois. The mean discharge by this channel does not 
much exceed 23,000 cubic feet per minute, but it would be 
quite practicable to enlarge its cross-section indefinitely, and 
the fiow through it might be so regulated as to keep the Illinois 
and the Mississippi at flood at all seasons of the year. The 
increase in the volume of these rivers would augment their 
velocity and their transporting power, and, consequently, tho 
erosion of their banks and tho deposit of slime in tho Gulf of 
Mexico, while the opening of a communication between tho lake 
and tho affluents of tho Mississippi, unobstructed except by 
locks, and tho introduction of a largo body of colder water 
into tho latter, would very probably produce a considerable 
effect on the animal lifo that peoples them. Tho diversion of 
water from tho common basin of the great lakes through a now 
channel, in a direction opposite to their present discharge, 
would not be absolutely without influence on tho St. Lawrence, 
though probably this effect might bo too small to bo readily 
perceptible.* 

In an ablo and interesting article in a California magazine, 
Dr. Widney has suggested a probable cause and a possible 
remedy for tho desiccation of south-eastern California roforred 
to in a former chapter. Tho Colorado Desert which lies con¬ 
siderably below tho level of tho waters of tho Gulf of Califor¬ 
nia, and has an area of about 4,000 square miles, evidently 

* From Reports of the Canal Commissioners of the State of Illinois, and 
especially from a very interesting privato lettor from William Gooding, Esq., 
an eminent engineer, which I regret I havo not spaco to print in full, I learn 
that tho length of tho present canal, from tho lako to tho River Illinois, in 
101 miles, with a total descont of a trillo moro than 145 foot, and that it is 
proposed to enlarge this channel to tho width of ono huudred and sixty foot, 
with a minimum dopth of seven, and to crcato a slack-water navigation in the 
Illinois by the construction of fivo dams, one of which is alroady completed. 
Tho descont for the outlet of tho canal at Lu Salle on tho Illinois to the 
Mississippi is twenty-eight feet, the distance being 250 miles. The oanal thus 
enlarged would oost about $10,000,000, and it would establish a navigation for 
vessels of 1,200 to 1,500 tons burden between Lako Michigan and tho Mis¬ 
sissippi, and consequently, by means of the groat lakes and the Welland oanal, 
between the St Lawrenoe and the Golf of Mexioo. 
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once formed a part of that gulf. This northern extension of 
the gulf appears to have been cut off from the main body by 
deposits brought down by the great river Colorado, at no very 
distant period. These deposits at the same time turned the 
course of the river to the south, and it now enters the gulf at a 
point twenty miles distant from its original outlet. 

When this northern arm of the gulf was cut off from the 
sea, and the river which once discharged itself into it was di¬ 
verted, it was speedily laid dry by evaporation, and now yields 
no vapor to be condensed into fog, rain, and snow on the neigh¬ 
boring mountains, which are now parched and almost bare of 
vegetation. 

The ancient bed of the river may still be traced, and in 
floods the Colorado still sends a part of its overflowing supply 
"'into its old channel, and for a time waters a portion of the 
desert. It is believed that the river might easily be turned 
back into its original course, and indeed nature herself seems 
to be now tending, by various spontaneous processes, to accom¬ 
plish that object. The waters of the Colorado, though perhaps 
not sufficient to fill the basin and keep it at the sea-level in 
spite of the rapid evaporation in that climate,* would at least 
create a permanent lake in the lower part of the depression, the 
evaporation from which, Dr. Widney suggests, might sensibly 
increase the humidity and lower the temperature of an exten¬ 
sive region which is now an arid and desolate wilderness. 

Soil below Hook . 

One of the most singular changes of natural surface effected 
by man is that observed by Beechey and by Barth at Lin 
Tefla, and near Gebel Genffnes, in the district of Ben G&si, in 
Korthem Africa. In this region the superficial stratum origi¬ 
nally consisted of a thin sheet of rock covering a layer of fer¬ 
tile earth. This rock has been broken up, and, when not prao- 

* Tlis therraomefcor sometimes rises to ISO 9 7. at Fort Toma, at the & EL 
angle of California in N. L. 88*. 
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ticable to find use for it in fences, fortresses, or dwellings, 
heaped together in high piles, and the soil, thus bared of its 
stony shell, has been employed for agricultural purposes.* If 
we remember that gunpowder was unknown at the period 
when these remarkable improvements were executed, and of 
course that the rock could have been broken only with the 
chisel and wedge, we must infer that land had at that time a 
very great pecuniary value, and, of course, that the province, 
though now exhausted, and almost entirely deserted by man, 
had once a dense population. 

Covering Hock with Earth, 

If man has, in some cases, broken up rock to reach produc¬ 
tive ground beneath, ho has, in many other instances, covered 4 
bare ledges, and sometimes extensive surfaces of solid stone, 
with fruitful earth, brought from no inconsiderable distance. 
Not to speak of the Campo Santo at Pisa, filled, or at least 
coated, with earth from the Iloly Land, for quite a different 
purpose, it is affirmed that the garden of tho monastery of St. 
Catherine at Mount Sinai is comjxjsod of Xilo mud, transport¬ 
ed on tho backs of camels from tho banks of that river. Par- 
they and older authors state that all tho productive soil of tho 
Island of Malta was brought over from Sicily.f Tho accuracy 
of tho information may be questioned in both cases, but similar 
practices, on a smaller scale, are matter of daily observation in 
many parts of Southern Europe. Much of tho wine of tho 
Moselle is derived from grapes grown on earth carried high up 
the cliffs on the shoulders of men, and the 6tccp terraced slopes 
of the Island of Tcneriffo aro covered with 6oil painfully 
scooped out from fissures in and between tho rocks which have 

* Baktix, Wundt run gen durch die Kunten <Us Mittelmcercs, i., p. 853. In a 
note on page 380, of the samo volume, Barth cites Strabo as asserting that a 
similar praotioe prevailed in Iapygia; but the epithet r?ax«7a. applied by 
Strabo to the original surface, docs not neoctsarily imply that It was oovered 
with a continuous stratum of rook. 

t Parthky, Wandervngen durch SicUien und die Levante % t, p. 401 
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been laid bare by the destruction of the native forests.* In 
China, too, rock has been artificially covered with earth to an 
extent which gives such operations a real geographical import- 
ance, and the accounts of the importation of earth at Malta, 
and the fertilization of the rocks on Mount Sinai with slime 
from the Nile, may be not wholly without foundation. 

Valleys in Deserts. 

In the latter case, indeed, river sediment might be very use¬ 
ful as a manure, but it could hardly be needed os a soil; for 
the growth of vegetation in the wadies of the Sinaitic Penin¬ 
sula shows that the disintegrated rock of its mountains requires 
only water to stimulate it to considerable productiveness. The 
rwadies present, not unfrequently, narrow gorges, which might 
easily be closed, and tliuB accumulations of earth, and reser¬ 
voirs of water to irrigate it, might be formed which would 
convert many a square mile of desert into flourishing date 
gardens and cornfields. For example, not far from Wadi 
Feiran, on the most direct route to Wadi Esh-Sheikh, is a very 
narrow pass called by the Arabs El Bueb (El Bab) or, The 
Gate, which might be securely closed to a very considerable 
height, with little labor or expense. Above this pass is a wide 
and nearly level expanse, filled up to a certain regular level 
with deposits brought down by torrents before the Gate, or 
Bueb, was broken through, and they have now worn down a 
channel in the deposits to the bed of the wadi. If a dam were 
constructed at the pass, and reservoirs built to retain the winter 
rains, a great extent of valley might be rendered cultivable. 

Effects of Mining. 

The excavations made by man, for mining and other pur¬ 
poses, may occasion disturbance of the surface by the subsi¬ 
dence of the strata above them, as in the case of the mine of 
Fahlun, in Sweden, but such accidents have g enerally been too 
• Maktbgazza, Rods la Plata s Ttnmffa % p. 507. 
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inconsiderable) in extent to deserve notice in a geographical 
point of view.* It is 6iii(l, however, that in many places in the 
mining regions of England alarming indications of a tendency 
to a wide dislocation of the superficial strata have manifested 
themselves. Indeed, when we consider the measure of the un¬ 
derground cavities which miners have excavated, wo cannot 
but be surprised that grave catastrophes have not often resulted 
from the removal of the foundations on which the crust, of our 
earth is laid. The 100,000,000 tons of coal yearly extracted 
from British mines require the withdrawal of subterranean 
strata equal to an area of 20,000 acres one yard deep, or 2,000 
acres ten yards deep. These excavations have gone on for several 
years at this rate, and in smaller proportions for centuries. 
Hence, it cannot be doubted that by these and other like opera¬ 
tions thee arth has been undermined and honov-combed in mainj 
countries to an extent that may well excite serious apprehen¬ 
sions as to the stability of tho surface. In any event such ex¬ 
cavations may interfere materially with tho course of subterra¬ 
nean waters, and it has oven been conjectured that tho removal 
of large bodies of metallic ore from their original deposits 
might, at least locally, affect in a sensible degree the magnetic 
and electrical condition of the earth’s crust.f 

* In Mnrcli, 187a, tho iinprudent extension of tho excavations in a slato mine 
near Morziuo, in Savoy, occasioned tho fall of a mau of rock measuring raoro 
than 700,000 yank in cubical contents. A forest of fira was destroyed, and a 
hamlet of twelve houses crushed and buried by tho slide. 

f The exhaustion of tho more accessible deposits of coni and othor mine¬ 
rals has compelled tho minors in Belgium, England, and other countries, to cony 
their operations to great depths below tho surface. At the colliery Dos Vi¬ 
vien, at Cilly near Charleroi, in Belgium, coal is worked at tbo depth of 2,820 
feet, and one pit has been sunk to tho depth of 3,411 feet. It . is supposed 
that the internal heat of tho earth will rendor mining impossible below 4,000 
foet At CUiTord Amalgamated Mines, in ComwaU, tho temperature at 1,600 
feet stood at 100°, but after the shaft bad remained a year opon it fell to 83*. 
In another Cornish mine men work at fr«»m 110' to 120*, but only twenty min¬ 
utes at a time, and with cold water thrown frequently over them .—The last 
Thirty Year* in Mining Di*trict #, p. 05. 

Stoppani mentions an abandoned mine at Huttenberg, in Bohemia, of the 
d.'pth of 8,775 feet. —Cow di Q*oU>gia % i, p. 258. 
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Hydraulic Mining. 

What is called hydraulic mining—a system substantially 
identical with that described in an interesting way by Pliny 
the elder, in Book XXXV. of his Natural History, as practised 
in his time in the gold mines of Spain*—is producing important 
geographical effects in California. Artificially directed cur¬ 
rents of water have been long employed for washing down and 
removing masses of earth, but in the Californian mining the 
process is resorted to on a vastly greater scale than in any other 
modern engineering operations, and with results proportioned 
to the means. Brooks of considerable volume are diverted 
from their natural channels and conducted to great distances 
in canals or wooden aqueducts,! and then directed against 
Rills and largo level surfaces of ground which it is necessary 
to remove to reach tho gold-bearing strata, or which them¬ 
selves contain deposits of tho precious mineral. X Naked 
hills and fertile soils are alike washed away by tho artificial 
torrent, and the material removed—vegetable mould, sand, 
gravel, pebbles—is carried down by the current and often spread 
over ground lying quite out of the reach of natural inunda¬ 
tions, and burying it to tho depth sometimes of twenty-five feet. 
An orchard valued at $00,000, and another estimated at not less 


* I have little doubt that the hydraulic mining in Gaul, alluded to by Dio¬ 
dorus Siculus, Bibliotheca Historic a , v. 27, as merely a mode of utilizing the 
effeots of water flowing in its natural ohannels, was really the artificial method 
described by Pliny. 

f In 1807 there were 6,000 miles (inoluding branches) of artificial water- 
oourses employed for mining purposes in California. The flumes of these 
oanals are often of sheet-iron, and in some places are carried considerable 
distances at a height of 250 feet above the ground.— Raymond, Mineral Sta* 
titties west of the Rooky Mountains , 1870, p.*47G. 

X The water is sometimes driven through iron tubes under a hydrostatic 
pressure of several hundred feet, with a foroe which outs away rock of con¬ 
siderable solidity almost as easily as hard earth. In this way of using water, 
the cutting foroe might, doubtless, be greatly augmented by introducing sand 
or gravel into the current. 
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than §200,000, are stated to have been thus sacrificed, and a re¬ 
port from the Agricultural Bureau at Washington computes 
the annual damage done by this mode of mining at the incredi¬ 
ble sum of §12,000,000. 

Accidental fires in mines of coal or lignite sometimes lead to 
consequences not only destructive to largo quantities of valua¬ 
ble material, but which may, directly or indirectly, produce 
results important in geography. The coal is occasionally ig¬ 
nited by the miners’ lights or other tires used by them, and 
certain kinds of this mineral, if long exposed to air in deserted 
galleries, may bo spontaneously kindled. Under favorable cir¬ 
cumstances, a stratum of coal will burn until it is exhausted, 
and a cavity may be burnt out in a few months which human 
labor could not excavate in many years. Wittwor informs us 
that a coal mine at St. Etienne in Daupliiny has been burning 
ever since the fourteenth century, and that a mine near Dutt- 
weiler, another near Epterodo, and a third at Zwickau, have 
been on fire for two hundred years. Such conllagrationg not 
only produce cavities in the earth, but communicate a per¬ 
ceptible degree of heat to the surface, and the author just 
quoted cites cases whore this heat has been advantagoously 
employed in forcing vegetation. 

Projects of Agricultural Improvements by Duponchel . 

Dnponchcl’s schemes of agricultural improvement are so 
grandiose in their nature, so vast in their sphero of operation, 
and so important in their possible effects upon immenso tracts 
of the earth's surface, that they must be considered os projects 
of geographical revolution, and they therefore merit more 
than a passing notice. In a memoir already quoted, and in a 
later work,* this engineer proposes to construct artificial tor¬ 
rents for the purpose of grinding up calcareous rock, by roll¬ 
ing and attrition along their beds, and thus reducing it into a 
fine slime; and at the same time these torrents are to transport 


• Trait* iTIIydra clique et dc Otologic AgriouLt, 1808. 
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an argillaceous deposit which is to be mingled with the cal¬ 
careous slime, and distributed over the Landes by watercourses 
constructed for the purpose. By this means, he supposes that 
a very fertile 6oil may be formed, and so graded in depositing 
as to secure for it a good drainage. 

Iu order that nothing may bo wanting to recommend the 
project, Duponcliel suggests that, as some rivers of Western 
France are gold-bearing, it is probable that gold enough may 
be collected by washing the sands to reduce materially the ex¬ 
pense of such operations. 

In the Landes of Gascony alone, he believes that 3,000,000 
acres, now barren, might be made productive at a moderate ex¬ 
pense, and that similar methods might bo advantageously em¬ 
ployed in France over an extent of not less than 30,000,000 
ftcres now almost wholly valueless. 

The successful execution of the plan would increase the fer¬ 
tile territory of France by an area of four or five times the ex¬ 
tent of Sicily or of Sardinia. 

There seems to be no reason why the same method, applied 
for such different purposes, should necessarily be destructive in 
the one cose while it is so advantageous in the other. A wiser 
economy might bring about a harmony of action between the 
miners and the agriculturists of California, and the soil which 
is removed by the former as an incumbrance, judiciously de¬ 
posited, might become for the latter a sourco of wealth more 
solid and enduring than the gold now obtained by such a sacri¬ 
fice of agricultural interests. 

Action of Man on the Weather . 

Espy’s well-known suggestion of the possibility of causing 
rain artificially, by kindling great fires, is not likely to be turned 
to practical account, but the speculations of this able meteor¬ 
ologist are not, for that reason, to be rejected as worthless. His 
labors exhibit great industry in the collection of facts, much 
ingenuity in dealing with them, remarkable insight into the 
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laws of nature, and a ready perception of analogies and rela¬ 
tions not obvious to minds less philosophically constituted. 
They have unquestionably contributed essentially to the ad¬ 
vancement of meteorological science. 

The possibility that the distribution and action of electricity 
may be considerably modified by long lines of iron railways 
and telegraph wires, is a kindred thought, and in fact rests 
much on the same foundation os the belief in tho utility of light¬ 
ning-rods, but such influence is too obscure and too uncertain 
to have been yet demonstrated, though many intelligent obser* 
vers believe that sensible meteorological effects have been pro¬ 
duced by it. 

It is affirmed that battles and heavy cannonades are generally 
followed by rain and thunderstorms, and Powers lias collected 
much evidence on this subject,* but the proposition does no<> 
seem to be by any means established. 

Resistance to Great Natural Forces . 

I have often spoken of tho greater and more subtile natural 
forces, and especially of geological agencies, as powers beyond 
human guidance or resistance. This is no doubt at present 
true in tho main, but man has shown that ho is not altogether 
impotent to struggle with even these mighty servants of na¬ 
ture, and his unconscious as well as his deliberate actiou may 
in some cases have increased or diminished tho intensity of 
their energies. It is a very ancient belief that earthquakes aro 
more destructive ill districts whore the crust of tho earth is solid 
and homogeneous, than where it is of a looser and more inter¬ 
rupted structure. Aristotle, Pliny the elder, and Seneca be- 

* War and the Weather , or the Artificial Production of Rain, Chicago, 1871. 
Faifer proposed, as early as 1814, arrangements for producing rain by 
firing cannon and exploding shells in the air. Ein tcunderbarer Traum die 
Frucht, barkeit dureh wiUkhrliehcn Regen tu bejdrdcrn , Metz, 1814. Soo, on the 
question of the possibility of influonoing the weather by artifioial moans, Lon* 
don Quarterly Journal of Science , xxix, p. ISO, and Future, Feb. 10,1871, 

p. 800. 
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lieved that not only natural ravines and caves, but quarries, 
wells, and other human excavations, which break the continuity 
of the terrestrial strata and facilitate the escape of elastic va¬ 
pors, have a sensible influence in diminishing the violence and 
preventing the propagation of tho earth-waves. In all coun¬ 
tries subject to earthquakes this opinion is still maintained, and 
it is asserted that, both in ancient and in modem times, build¬ 
ings protected by deep wells under or near them have suffered 
less from earthquakes than those the architects of which have 
neglected this precaution.* 

If the commonly received theory of the cause of earthquakes 
is true—that, namely, which ascribes them to tho elastic force 
of gases accumulated or generated in subterranean reservoirs— 
it is evidont that open channels of communication between 
f uch reservoirs and the atmosphere might serve os a harmless 
discharge of gases that would otherwise acquire destructive 
energy. The doubt is whether artificial excavations can be car¬ 
ried deep enough to reach the laboratory where the elastic fluids 
are distilled. There are, in many places, small natural crevices 
through which such fluids escape, and the source of them 
sometimes lies at so moderate a depth that they pervade the 
superficial soil and, as it were, transpire from it, over a consid¬ 
erable area. When the bever of an ordinary artesian well 
strikes into a cavity in the earth, imprisoned air often rushes 
out with great violence, and this has been still more frequently 
observed in sinking mineral-oil wells. In this latter case, tho 
discharge of a vehement current of inflammable fluid some¬ 
times continues for hours and even longer periods. These facts 
seem to render it not wholly improbable that the popular belief 
of the efficacy of deep wells in mitigating the violence of earth¬ 
quakes is well foimded. 

In general, light, wooden buildings are less injured by earth¬ 
quakes than more solid structures of stone or brick, and it is 
commonly supposed that the power put forth by the earth-wave 
is too great to be resisted by any amount of weight or solidity 
• Lahdoeesb, QuehtohU d$r Vuikatu, it, pp. IS, SO. 
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of moss that man can pilo up upon the surface. But tho fact 
that in countries subject to earthquakes many very largo and 
6trongly constructed palaces, temples, and other monuments 
have stood for centuries, comparatively uninjured, suggests a 
doubt whether this opinion is sound. Tho earthquake of the 
first of November, 1755, which is assorted, though upon doubt¬ 
ful evidence, to have been felt over a twelfth part of tho earth’s 
surface, was among tho most violont of which wo have any 
clear and distinct account, and it seems to have exerted its most 
destructive force at Lisbon. It has often been noticed as a re¬ 
markable fact, that tho mint, a building of great solidity, was 
almost wholly unaffoctcd by the shock which shattered ovory 
houso and church in tho city, and its escape from tho common 
ruin can hardly be accounted for oxcopt upon tho supposition 
that its weight, compactness, and strength of material enabled 
it to resist an agitation of tho earth which overthrow all wcakor 
structures. On tho other hand, a stone pier in tho harbor of 
Lisbon, on which thousands of peoplo had taken refuge, 6ank 
with its foundations to a great depth during tho samo earth¬ 
quake ; and it is plain that where subterranean cavities exist, 
at moderate deptlis, tho erection of heavy masses upon them 
would tend to promote the breaking down of tho strata which 
roof them over. 

No physicist, I believe, has supposed that man can avert the 
eruption of a volcano or diminish tho quantity of melted rock 
which it pours out of the bowels of tho earth; but it is not 
always impossible to divert tho course of even a large current 
of lava. u Tho smaller streams of lava near Catania,” says 
Ferrara, in describing tho great eruption of 1009, “ were turned 
from their course by building dry walls of stone as a barrier 
against them. ... It was proposed to divert tho main current 
from Catania, and fifty men, protected by hides, wore sent with 
hooks and iron bars to break the flank of tho stream near Bcl- 
passo.* When the opening was made, fluid lava poured forth 

* Soon after the current iaaues from the volcano, it is covered above and at 
its sides, and finally in front, with sooria, formed by the oooling of the ex* 
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and flowed rapidly towards Patemo; but the inhabitants of 
that place, not caring to sacrifice their own town to save Cata¬ 
nia, rushed out in arms and put a stop to the operation.”* In 
the eruption of Vesuvius in 1794, tho viceroy 6aved from im¬ 
pending destruction the town of Portici, and the valuable col¬ 
lection of antiquities then deposited there but since removed to 
Naples, by employing several thousand men to dig a ditch 
above the town, by which the lava current was carried off in 
another direction.! 

posed surface, which bury and conceal the fluid mass. The stream rolls on 
under the coating, and between the walls of sconce, and it was the lateral crust 
which was broken through by the workmen mentioned in the text. 

The distance to which lava flows, before its surface begins to solidify, de¬ 
pends on its volume, its composition, its temperaturo and that of the air, the 
force with whioh it is ejected, and the inclination of the deolivity over which it 
runs. In most oases it is difficult to approach the current at points where it is 
still entirely fluid, and hence opportunities of observing it in that condition are 
not very frequent In the eruption of February, 1850, on the east side of 
Vesuvius, I went quite up to one of the outlets. The lava shot out of the 
orifioe upwards with great velooity, like the water from a fountain, in a stream 
eight or ten feet in diameter, throwing up occasionally volcanic bombs three or 
four feet in diameter, whioh exploded at the height of eight or ten yards, but 
it immediately spread out on the declivity down which it flowed, to the width 
of several yards. It continued red-hot in broad daylight, and without a par¬ 
ticle of scoria* on its surface, for a course of at least one hundred yards. At 
this distanoe, the suffooating, sulphurous vapors became so dense that I could 
follow the current no farther. The undulations of the surface were like those 
of a brook swollen by rain. I estimated the height of the waves at five or 
six inches by a breadth of eighteen or twenty. To the eye, the fluidity of the 
lava seemed as perfect as that of water, but masses of oold lava weighing ten 
or fifteen pounds floated upon it like oork. 

The heat emitted by lava currents seems extremely small when we consider 
the temperature required to fuse suoh materials and the great length of time 
they take in oooling. I saw at Nicolosi ancient oil-jars, holding a hundred 
gallons or more, whioh hod been dug out from under a stream of old lava 
above that town. They had been vory slightly oovered with voloanio ashes 
before the lava flowed over them, but the lead with whioh holes in them had 
been plugged was not melted. The current that buried Mompiliere in 1000 
was thirty-five feet thiok, bat marble statues, In a ohuroh over whioh the lava 
formed an aroh, were found uncalcined and uninjured in 1704. See SCROPE, 
Vokanoe*, chap. vl. § 6. 

• Vkruara, Detention* deW Etna, p. 108. 

f Landorbxub, NaturgenhiehU derVuikane, U., p. 88. 
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Incidental Effects of Human Action. 

I have more than once alluded to the collateral and unsought 
consequences of human action as being often more momentous 
than the direct and desired results. There are cases where 
such incidental, or, in popular speech, accidental, consequen¬ 
ces, though of minor importance in themselves, serve toillus- 
trato natural processes; others, where, by the magnitude and 
character of the material traces they leave behind them, they 
prove that man, in primary or in more advanced stages of 
social life, must have occupied particular districts for a longer 
period than has been supposed by popular chronology. “ On 
the coast of Jutland,” says Forchhammcr, “wherever a bolt 
from a wreck or any other fragment of iron is deposited in 
the beach sand, the particles are cemented together, and form 
a very 6olid mass around the iron. A remarkable formation 
of this sort was observed a few years ago in constructing the 
sea-wall of the harbor of Elaincur. This stratum, which sel¬ 
dom exceeded a foot in thickness, rested upon common beach 
sand, and was found at various depths, less near the shore, 
greater at some distance from it. It was composed of pobbles 
and sand, and contained a great quantity of pins, and some 
coins of the reign of Christian IV., between the beginning and 
the middle of the seventeenth century. Here and there, a 
coating of metallic copper had been deposited by galvanic 
action, and the presence of completely oxydized metallic iron 
was often detected. Investigation made it in the highest 
degree probable that this formation owed its origin to the street 
sweepings of the town, which had been thrown upon the beach, 
and carried off and distributed by the waves over the bottom 
of the harbor.”* These and other familiar observations of the 
like sort 6how that a sandstone reef, of no inconsiderable mag¬ 
nitude, might originate from the stranding of a ship with a 

• QtogimtUcJu Studtin am Meera Ufer ; Leonhard and Bronn, Jahrbuch, 
1841 1 pp. 25,20. 
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cargo of iron,* or from throwing the waste of an establishment 
for working metals into running water which might carry it to 
the 6ca. 

Parthey records a singular instance of unforeseen mischief 
from an interference with the arrangements of nature. A land- 
owner at Malta possessed a rocky plateau sloping gradually 
towards the sea, and terminating in a precipice forty or fifty 
feet high, through natural openings in which the sea-water 
flowed into a largo cave under the rock. The proprietor at¬ 
tempted to establish salt-works on the surface, and cut shallow 
pools in the rock for the evaporation of the water. In order to 
fill the salt-pans more readily, he sank a well down to the cave 
beneath, through which he drew up water by a windlass and 
buckets. The speculation proved a failure, because the water 
filtered through the porous bottom of the pans, leaving little 
salt behind. But this was a small evil, compared with 
other destructive consequences that followed. When the 
6ca was driven into the cave by violent west or north-west winds, 
it shot 2k jet cPeau through the well to the height of sixty feet, 
the spray of which was scattered far and wide over the neigh¬ 
boring gardens and blasted the crops. The well was now 
closed with atones, but the next winter’s storms hurled them 
out again, and spread the 6alt spray over the grounds in the 
vicinity as before. Repeated attempts were made to stop the 
orifice, but at the time of Parthey’s visit the sea had thrice 
burst through, and it was feared that the evil was without 
remedy.! 

I have mentioned the great extent of the heaps of oyster and 
other shells left by the American Indians on the Atlantic coast 
of the United States. Some of the Dauish kitchen-middens, 
which closely resemble them, are a thousand feet long, from 
one hundred and fifty to two hundred wide, and from six to 
ten high. These piles have an importance as geological wit¬ 
nesses, independent of their bearing upon human history. 

• Korn*, SoJdmripJIcbtein, ii., p. 45. 

f Wanderungeh durch Siotiien und die Levant*, L, p. 406, 
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Wherever the coast line appears, from othor evidence, to have 
remained unchanged in outline and elevation sinco they woro 
accumulated, they are found near the 6ea, and not more than 
about ten feet above its level. In some cases they are at a 
considerable distance from the beach, and in these instances, 
so far as yet examined, there are proofs that the coast has ad¬ 
vanced in consequence of upheaval or of fluviatilo or marine 
deposit. Where they are altogether wanting, the coast soems 
to have sunk or been washed away by the sea. The constancy 
of these observations justifies geologists in arguing, where 
other evidence is wanting, the advance of land or sea respect¬ 
ively, or the elevation or depression of the former, from the 
position or the absence of these heaps alone. 

Every traveller in Italy is familiar with Monte Testaccio, the 
mountain of potsherds, at Rome; * but this deposit, large as it 
is, shrinks into insignificance when compared with masses of 
similar origin in the neighborhood of older cities. The castaway 
pottery of ancient towns in Magna Gracia composes strata of 
such extent and thickness that they have been dignified with 
the appellation of the ceramic formation. The Nile, as it 
slowly changes its bed, exposes in its banks masses of the same 
material, so vast that the population of the world during the 
whole historical period would seom to have chosen this valley as 
a general deposit for its broken vessels. 

The fertility imparted to the banks of tho Nile by the 
water aud the slime of the inundations, is such that manures 
are little employed. Hence much domestic waste, which 
would elsewhere bo employed to enrich tho soil, is thrown out 
into vacant places near the town. Hills of rubbish are thus 
piled up which astonish the traveller almost as much as the 
solid pyramids themselves. The heaps of ashes and other 


* Until reoentiy tills hillook was supposed to consist of sherds of household 
pottery broken in using, but it now appears to be ascertained that it is com¬ 
posed of fragments of earthenware broken in transportation from the plaoe 
of manufacture to the emporium on the Tiber where such articles were 
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household refuse collected on the borders and within the limits 
of Cairo were so large, that the removal of them by Ibrahim 
Pacha has been looked upon as one of the great works of the 
age. 

These heaps formed almost a complete rampart around the 
city, and impeded both the circulation of the air and the com¬ 
munication between Cairo and its suburbs. At two points 
these accumulations are said to havo risen to the incredible 
height of between six and seven hundred feet; and these two 
heaps covered two hundred and fifty acres.* During the occu¬ 
pation of Cairo by the French, the invaders constructed re¬ 
doubts on these hillocks which commanded the city. They 
were removed by Mehemet Ali, and the material was omployed 
in raising the level of low grounds in the environs.f 

In European and American cities, street sweepings and other 
t&wn refuse are used as manure and spread over the neighbor¬ 
ing fields, the surface of which is perceptibly raised by them, 
by vegetable deposit, and by other effects of human industry, 
and in spite of all efforts to remove the waste, the level of the 
ground on which large towns 6tand is constantly elevated. The 
present streets of Rome are twenty feet, and iu many places 
much more, above those of the ancient city. The Appian Way 
between Rome and Albano, when cleared out a few years ago, 
was found buried four or five feet deep, and the fields along 
the road were elevated nearly or quite as much. The floors of 
many churches in Italy, not more than six or seven centuries 
old, are now three or four feet below the adjacent streets, though 
it is proved by excavations that they were built as many feet 
above tliem4 

• Clot Bkt, AgypU, L, p. 277. 

f Egypt manufacture* annually about 1,200,000 pound* of nitre, by lixivi¬ 
ating the ancient and modern rubbish-heaps around the towns. 

t Boflnesque maintained many years ago that there was a continual deposi¬ 
tion of dust on the surfooe of the earth from the atmosphere, or from cosmioal 
spaoe, sufficient in quantity to explain no small part of the elevation referred 
to in the text. Observations during the eolipse of Deo. 22, 1870, led some 
as t ionomo n to believe that the appearance of the oorona was dependent upon 
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Nothing Small in Nature. 

It is a legal maxim that “the law concerneth not itsolf with 
trifles,” de minimis non curat lex ; but in the vocabulary of 
nature, little and groat are terms of comparison only; she 
knows no trifles, and her laws aro as inflexible in dealing with 
an atom as with a continent or a planet.* The human opora- 

or modified by cosmical dust or matter in a very attenuated form diffused 
through space. 

Tyndall has shown by optical tests that the proportion of solid mattor sus¬ 
pended or floating in common air is very considerable, and there is abundant 
other evidence to the same purpose. Ehrenbcrg has found African and even 
American infusoria in dust transplanted by winds and lot fall in Europe, and 
Sclilieinann asserts that the quantity of dust brought by tho scirooco from 
Africa is so great, that by outting holes in tho nakod rocks of Malta onorgh 
of Libyan transported earth can bo caught and rotained, in tho oourso of four¬ 
teen years, to form a soil fit for cultivation .—tur AUgmcinen Zcitung , 
Mar. 24, 1870. 

* One of tho sublimest, and at tho samo time most foarful suggestions that 
have been prompted by the researches of modem scicnco, was mado by 
Babbage in tbe ninth chapter of his Ninth IiridgtmUr Treating I have 
not tho volume at hand, but tho following explanation will reoall to the 
reader, if it does not otherwise make intelligible, tbe suggestion I refor to: 

No atom oan bo disturbed in place, or undergo any chango of temperature, 
of electrical state, or other material condition, without affecting, by attrac¬ 
tion or repulsion or other communication, the surrounding atoms. These, 
again, by the same law, transmit the influenco to other atoms, and the im¬ 
pulse thus given extends through the whole mntorial universe. Every human 
movement, every organic act, ever)' volition, passion, or emotion, every intel¬ 
lectual process, is accompanied with atomic disturbance, and henco every 
such movement, every such act or process, aifects all tho atoms of universal 
matter. Though action and reaction aro equal, yet reaction does not restore 
disturbed atoms to their former place and condition, and consequently the 
effects of the least material change are never cancellod, but in some way 
perpetuated, so that no action can take place in physical, moral, or Intel- 
lootual nature, without leaving all matter in a different state from what it 
would have been if such action had not occurred. Ilonoo, to uso language 
which I have employed on another occasion: there exists, not alone in the 
human oonedence or in the omniscience of tho Creator, but in external 
r.ature, an ineflooeable, imperishable reoord, possibly legible even to 
oreated intelligence, of every act done, every word uttered, nay, of evory 
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tions mentioned in the last few paragraphs, therefore, do act 
in the ways ascribed to them, though our limited faculties are 
at present, perhaps forever, incapable of weighing their imme¬ 
diate, still more their ultimate consequences. But our inability 
to assign definite values to these causes of the disturbance of 
natural arrangements is not a reason for ignoring the existence 
of such causes in any general view of the relations between 
man and nature, and we are never justified in assuming a force 
to be insignificant because its measure is unknown, or even 
because no physical effect can now be traced to it as its origin. 
The collection of phenomena must precede the analysis of 
them, and every new fact, illustrative of the action and reac¬ 
tion between humanity and the material world around it, is 
another step towards the determination of the great question, 

whether man is of material nature or above her. 

- • - - - — 

wiah and purpose end thought oonoeived by mortal man, from the birth of 
our first parent to the final extinction of our raoe; so that the physioal 
traces of our most secret sins shall last until time shall be merged in that 
eternity of which not soienoe, bnt religion alone, assnmee to take oogni- 
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Absorption of moisture by earth, amount of, 

uncertain, 23 

Abzbovdaou, forest, geographical tmporto&oo 
of, #27 
lakes of, 433 

Arnica, Northern, artesian wells In, 478-483 
dosert of, atmosphuro and soonory in, 673 
AonxenuTunn of tho United flutes, products©!, 
73 

Axaba, fresh water on sea-beach at, 477, nets 
Albamo, lake of, artificial lowering of, 437 
AxsaxoA, Nobth, primitive phynoal ounditioa 
of, 17. 

•etontifle observation of Uephyiioal changes, 
44 

f oresU of, 838 el ssgff. 

forest tross of, compand with European, 
834-343 
dunes of, 675 

hydrographical ImprovemenU In, 635-637 
Amucaloul*, or infusorial Ufo, importanoa of, 
145-147 

Animals, wild, sympathy of ruder moss with, 
88, nou 

wild, intoinct, modification of, 89, nou 
large marine, unimportant in geography, 96 
extinction of, 165 

domcsUa, origin and transfer of, 86 
Animal urn, as geographical agency, 80 
remains of, volume of, 60, note 
extirpation of, by man, 91, noU 
Apennines, efforts of felling woods of, 158 
Appxan way, the level of, raised, 619 
Aquatic plants, action of, in raising level of 
marshes, 80, nou 

Aqueduct* geographical and climatic effects 
of, 446 

Arabia Pktbjra, sandstone of, 468, noUf 646, 
nou 

sands and petrlflod weed of, 548, nclc 
hauouA, valley of; 890 


Asd&cse river, floods of, 966-969 
Anoosrou, subterranean marina currants at, 
470, nou 

Armies, introduction of foselgn vegetables by, 
CO 

Aano, floods of, 630, noU 

Art ASIAN WELLS, aaosnt of fluids in, 476 d 

ancient, 478, noU 

in Algeria, 473-481 * 

at bu Louis, 480, noU 
doe pout, 4:0, noU 

Aux, tho wlngloas, extirpation of, 139 
Australia, as field of physical observation, 61 
Ayalancues, treos m protection against, 990 

Basinet's plan for artifloial springs, 486,486 
Bavaria, scarcity of fual in, 823, nolo 
Dsavica, action of, in producing bogs, 88 
construct* canals, 83, nou 
onuso of locxvasod numbors of, 99 
BaX'UONsr, introduction of, into the United 
flutes, 186 

Ber-ruhdandbt in XUly, 186, noU 
Beboamo, change of climaU in the vicinity c^ 
164. note 

Bans, geographical importance of, 111 
Introduction of foreign, 113 
destruction of, 116-126 
how far useful or injurious by preying or 
insocts, 119, noU 
migration of, 130,191 

souk shelter from odd nndor anew, 919, noU 
Bison, domestication of, 88, 896, trots 

numbers of, in tho Unitod States, 00, nets 
numbors of, annually destroyed, 96 
Blasts, powdor, remarkably 468, noU 
Boos, floating, 39 

quantity of, 88, no U 
how fomod, 99 
formation of, by beavmy 98 
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Boubost lake, importance of, as a basin of re¬ 
ception, 495 

Bmiocoirnxm'a system of dune pl ant ations, 
594 

Breton, Cap, dona vineyards of, 696 
Busseouxus's lotion, value of, 65 

Oiioo, introduction of, Into Europe and Amarl- 
.00,67,88 

Injurious to vegetation la desert, 151 
0 ampins in Belgium, 007 
0 AIT ADA THISTLE, 70 

Canals, effocta of, la lntorohanglng orgmnio 
Ufa, 97 

excavations for, 408, not* 
and aqueducts, climatic and geographical 
affect- of 448 

of Tuscany, iujurloua affaota of, 447, not* 
of the Ganges, 459, note 
marine, 610 

across Isthmus of Darion, 619 
Burn, 78, 619 

across Isthmus of Corinth, 614 
i betwoon Moditerranoan, Bad Baa, and Dead 
Boa, 616 

betwoon North Boa and Baltic, 618 
botweon North Boa and Zuldorsaa, 619 
across Capo Cod, 619 
botweon Don and Volga, 091 
botweon Erie and Gonesoo, 696 
betwoon Lake Michigan and the Illinois, 
630 

Caps Cod, sand dunes of, 580, nets 
Cawkhoailzik, extinction and reintroduotioo 
of, in Great Britain, 198 
habits of, 198, not « 

Oafexpicatiom, whether usofnl, 199; not* 
Cabmxola, caves of, 490, note 
Caspian, natural and artlflclal ohangee in, 895, 
note; 090 

Catania, lava streams at, 687 
CAtJurLOWKna, fresh, snppllod by Algeria to 
Northorn Germany, 65, not* 

Oelaho Lake, draining of, by Prlnoa Torlonia, 
499 

Onnsovno, breakwater at, 4C9 
Cereals, solf-propagatlng in California, 60, 
not* 

OsTsmfM, effects of oleartng the, 166 
Chamois, numbers of killed, 95 
Chestnut crop in France and Tueoany, value 
of, 887, not* 

Obama, Val di, ohoraotor of, 589 
lmprovamanta in, 588,584 
amw^ hia opinion of merchant#, 7, note 


his opinion of the meohanlael arte, 497, 
not* 

Cinchona, introduction of, Into India, 60, not* 
Improved by cultivation, 60, not* 

Climates, undent, oharaoter of, unoertaln, 15 
oousos producing change in Now England, 
91, not* 

Coal, early use of, for fuel, 808, not* 
lnoroued use of, In Paris, 859, not* 
extracted In England, quantity of, 681 
Coast-like, change of, from natural causae, 896 
subjoct to human guldenoo, 400, 401 
Cochineal Insect transferred to Spain, 136 
Commerce, disoouragod and dosplsod by anotenl 
Homans, 7, 65, not *; 614 
modorn, objects of, 68 

Como, Lake of, proposed lowering of, 438, not* 
effect of lowering on stability of shone and 
percolation, 488, not* 
percolation of wator from, 488 
importanoo of, as basin of roooptlon, 404 
Const an on, Lake of, diversion of Rhino from, 
035 

Constantinople, water supply of, 849, note; 
446, not* 

CopAie Lake, draining of, 497 
Cons Troo, yield of, 838, not* 

Ooapo rations, industrial and financial, oonrup- 
tion and demoralizing effects of, 58, nolo 
Cotton seed, voluo of, 86, not* 

introduction of, into U. S., 74, not* 

Chau, reclamation of, 169, not* 

Cypress Tree, its beauty, 849 

Darien Isthmus, proposed canal across, 619 
Dead 8ea, projected canal to, 016 
Deer, tamo, injurious to troos, 883, not* 
numbor of, in the United States, 91 
Delta, of tho Mississippi, 503, not* 
of the Ganges, 503, not* 
of the Qoang-ho, 503, not* 

Denmark, pout mosses of, 81, not* 

Deposits of rivers, geological importanoo of; 899 
marine, on ooast of Netherlands, 410 
of rivers of Tuscany, 595 
Desert Trees, propagation of, 151 
Arabian, eoonory of. 483, not* 

Despotism a cause of physical decay, 5 
Desiccation, sooular, of soil, 90, not* 

Dines, Bea, origin of, 405 
of Notherlsnd*, 407 al mqq» 
oonstructlon of, 418 
in Egypt, 455 
of Misdselppi, 511 
6m Embankment** 
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DnrOaxn or Moa, rooonfc extirpation of, In 
New Zealand, 122 

Dxsxasko, contagious, propagation of, by 
germs, 147, not* 

Dodo, extirpation of, 122 
Dow Illvor, propoMxt dlvenion of, 021 
Doaduok of Lake*, 417 
of Lake of Haarlem, 418 
of Lako of Albano, 487 
of Lake of Fucinu* or CoUno, 489 
of Lako of Copals, 009 
of Lako of Lungcrn, 433 
of bog* and swamp*, 435 sI *eqq. 

Its noocsfclty in lands newly roolaimod from 
forest, 437 

torfaoe and subterranean, and their affects, 
438 

by boring, 430 

of surface waters, climatic effects of, 440 
unforeseen effect# of, 445 
effcol of, on inundations 489 
Dbancs, glacier lako of, 500 
Duo dalb on sea dikos, 400, not* 

Duxes, coast, how formed, 650 si **qq, 
height of, G09 

eands of, character and composition of, 007, 
CU0, not4 

(ntorior structure of, 5C9 

strati Haitian of, 570 

geological importance of, 579 

of Amcrlcun ccasts, 575 

of Western Enropo, 575 

age, character, and parmananoe of, 577 

naturally wooded, 579 

protection of, 5b0, 59*4 

uses of, as a barrier against the sea, 5bl 

movement of, 567 

control of, by man, 591 

artificial, 591 * 

plantation of, 594 el *eqq. 

vineyards upon, 595 

artificial removal of, 599 

inland, COO 

of North American Desert, 000 
of South American Desert, 001 
Duvoxciiel, proposals for agricultural Improve* 
meat, GJ3 

Durance, fertilizing slime of, 945, not* 

Dun, ootmiooi, deposit of, 642, not* 

Dwxort, Dr., travels in the United States 
characterised, 51, not* 

Earth, habitable, generally wooded, 14$ 
dlsplaoomont of. In engineering, 408; not* 
transported tooover rooky enrfaos, 899 


EAntnQUAxr.il, resistance to, 835 
Earthworms, utility of, 199-181 
Kelh, destruction of, 107, not* 

Eoypt. introduction of foreign plants and an5 
mals into, 07, not e 
catacomb* of, 61, not e 
papyrus and wiitor- Illy of, 77, not* 
poisonous snake* of, 120, not* 
supposed inervaso of rain In, 197, not* 
productiveness of, 944, not* 
original condition of, 449 
amount of water used tor irrigation, 450 
cultivated soil of, 458 
population of, 454 
originally morass, 455, noli 
salino doposlt# of, 408 
sands of, 554 

their prevalence and extent, 555, not* 
action on tho Delta and oultlvotod land, 
55] 

sonreo of sands, 555 

effect of diversion of tho NUo upon, 099 
rcfu'to heaps near Cuiro, 041, not* 
Elltua*;, numbers of, killed, 94 $ 

Emimeuu, artificial formation la harbor of, 

W.) 

Embankments, rivor, asos and svile of, Ml *4 

*tqq. 

Imitation of nature, 531, not* 

Lotuburdlni's views of, 509, not* 
of Mississippi, magnitude of, 511 
Exoixeers and Artisans, not respected by 
ancients or in MUldlo Ages, 490 
Exoland, forest economy of, 807 

forests of, described by CivKar, 809, not* 
large extent of ornamental plantation, 809 
private enterprise* In sylviculture, 811 
Knouerrand do Corny, cruelty of, S50 
Etna, eruptive manor of. Infertile, 160 
Eucalyptus*, growth and height of, 884, not*f 
394, not* 

Euphrates, sand plains in tho valley of, 004 
Evaporation, amount of, uncurtain, 94 
from forest earth, 170 
relative, from earth and water, 441, not* 
Evxaoitxxx Troos, properties of, 175, not*; 
905,207 

Sne, cultivation of, 11 

sympathy between, and other organs, 11, 
not* 

Fens of Lincolnshire, draining of, 403 
Feudally, abuses of, 6, not* 

Fauc, action of, on wood-land, 861,809 
protection of woods against, 884 
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forest, of 1871, 885 
measures against, 886 
Fxb-teex, cicatrization of stump, 888, note 
Pxu-vku) la burnt forests of the United 
States, 806 

Fob, Introduction and breeding of, 97-101 
naturalization of, 07 
destruction of, 101 «< $eqq, 
spawn oonaumed by water-fowl, 101 
Inferiority of artificially fattened, 108 
fresh water, growing seardty of, in United 
States, 108, note 

•hell, extensive heaps of remains of in 
United States, 97 

shell, extensive heaps of remains of, Indian 
origin, 97 

Fish Ponds, in Catholic countries, 690, note 
Fisheries of the world, annual yield of, 108 
4t t$qq. % note 

Poo rare In woods, 199, note 
Fontainebleau, forest of, 106 

forest of, its renovation, 878, note 
( soil of, €07, note 

Forces, natural, accumulation of, 87 
Forests, royal, 849-864 
Hoods. 

Forest Laws, Jewish, 848, note 

severity of, in Franco mid England, 860 
under Louis LX., 851 
mediioval character of, 886 
of America, created by circumstances, 888 
France, the peasantry of, described by La 
Bruytre, 0, note 

the peasantry of, dcaorlbed by Arthur Young, 
A, note 

forests of, 819 

Imports Umber largely, 814, note 
sale of forestlands by, 816 
recent forest legislation of; highly nsoful, 
817 

royal forests and forest laws, 849 
inundations of, 480 
remedies against inundations, 400 
Feesoobaldi on sands of deeort, 661, note 
FnzxsLAND, sand dunes of, 688 
Frost, action of, on soil, 416, note 
Fucnrus, draining of Lake of, by Prinos Ter* 
Ionia, 499 1 —qq. 

Fob Animals, d es t ruction of, 106, note 

Gams Laws, efforts of, 06, note; 117, 811, 669 
Ganoxm, effect of ctearing vsUcy ^ 898; note 
canal, 469, note 

Gascon*, coast sands d; 678 I 

danse, 671 


dunes, extent end advance of, 676 
landes of, 006 

their reclamation, 606 
their area, 611 

Gebican Ocean, sands of, 648, note 
Geoobapht, modern, embraces organic lift, 
66 

Glacieb lakes in Switzerland, 600 
Goat, Angora, habits of, 80, note 

introduction of, Into America, 60, note 
Goldau, Switzerland, mountain slid# at, 987 
Gold Fish, the introduction of, from China, 07 
Grape disease, its eoonomlo effects in Franca, 
Italy, Sicily, 70 

Grass-land, meteorological action of, 66 
GEAVE-Diooxn boetla, habits of, 181 
Greece, subterranean waters of, 470, note 
proposod canal through Isthmus of Corinth, 
G18 

proposod canal across 2ft. Athoa, 616 
Gulls, sea, habits of, 114, note 
Gunpowdeb, chiefly used for industrial pur* 
poses, 406, note 

Haarlem, Lake of, drained, 418 
climatic effect of drainage, 448 
Hail, whether prevented by woods, 166^ note 
Hannons, artificial, rarity of, 401, note 
Hauban, the productions of its soil, €0, note 
Heat, solar, utilization of, 46, note 

action of, on rock, 661, note 
Heilbbonw, springs of, 296 
Hebuino, fishery of, 107, note 
Hessian tlt, introduction of, into the United 
States, 184 

Hoano-ho, delta of, 977 

change of mouth of, 60S, note 
. Human acUon, Incidental effects of, 680 *t re qq, 
Humphbsts L Abbot’s Report on the Missis¬ 
sippi, value of, 610, note 
Hydboobapuy of North America, 696 


Ibix, the Alpine, 04 
Xjssel river, 498 

Improvement, works of, remarkable for volumo 
and difficulty, 409, note 
India, devastation of forests In, 811, note 
Indian Coen, acclimation of, 18, note 
Indians on Amazon, their skill in the use of tho 
bow, 18, note 

Inmltbation of water from lakes, 488; note 
of fresh water in Golf of Akaba, 477, note 
of Nile water, 476, note 
XxrusoBLn, importance 14L447 
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Insects and worm*, utility of, 184 

useful la fertilisation of plants, 185 <1 MM. 

influonoe of, on vegetation, 183*187 

carnivorous, useful to man, 185 

how far injurious to forost trees, 188 

introduction of, 184-185 

ravagos of, 186 

tenacity of life in, 187 el toqq, 

destruction of, by fish, 188 

abundance of, in Northern Europe, 188, note 

destruction of, by birds, 118 

quadrupeds, 140 

oonflne themselves to doad trees, 140, 881, 
nod 

do not multiply in tbs forest, 848 
Instinct, animal, mod ideation of, 88, nod 
Insurance against fall of rocks, 392, nod 
forest flret, 886 

Inundations, recent measures against, 509 
aggravated by doposits in bed of streams, 
887 

occasioned by thaws, 389 
in Franoe, history of, 343, note 
economical evils of, 314 
action of, on rivor bod, 361 
In Netherlands, 404 
and torrents, 488 ot *eqq. 
of 1856 in Franoe, 4S9 
measures against, in Franoe, 481 
where they originate, 401 
rcmodlce against, 403 
from ico bonders, 500 
of banks of river Po, 009, note 
Hosct's remedy against, 513 
InmxOATioir, antiquity of, 448 

among Mexicans and Peruvians, 448, mad 

its necessity in hot climates, 449 

in Northern Italy, 456. nod 

in Turkish Empire, 450 < 

in India, 452 

in Egypt, 453 

in tho United 8tatce, 457, nod 
in Italy, 458, nod 
la Spain, 459, nod 

quantity of water need in, 456,465, nod 
difficulties of, 459, nod 
effects of, on vegetable crops, 459, nod 
climatic affects of, 460 
recovery of water employed in, 405 
effoots of, on river supply, 465 
deposit of salt by, 467 
Islands, floating. 419, nod 
Italy. beamy of its winter scenery, 815 

effect of the denudations of its fonsta,368, 
nod 


extent of irrigation in, 457 
sky of, 404, nod 


Johnsthuv’s observation on abeorptkm of 
moisture by earth, 816; nod 
Juktsb, satellites of, visible to the naked eye, 
14, nod 

Jutland, destruction of forests in, 848; nod 
encroachments of tho sea on, 588 

Kandeb river, artificial oourso of, 409. 

Kabst, plantations on, 884, nod 
subterranean waters of, 470, nolo 
XjUkkennuddinokb, heapaof kitchen refusa, 16 


Lakes, draining of, 417 

natural process of filling up, by aquatic vsgo- 
tutlon, 419, nott 

lowering of, in ancient and modem times, 
428 it %tqg. 

draining of, in Switzerland, 433, nod 

effects of, 488, JMC 
mountain, tholr disappearance, 488 
tholr utility, 435 

Land won from tho watorn, 303 tt %eqq, 
Ljbbtadzus, account of BwodJsh Laplanders, 188, 
nod 

Lmc, American, instability of, 890 

balance of animal and vegetable, 145 
Loser jo nn, irruption of sea into, 638 el i#M* 
aquatic vogetation of, 581 
original state of, 610 

Ldca end Bcstajone rivers compared, 838; nod 
Lion, an inhabitant of Europe, 92, nod 
Lisbon, earthquake of, 637 
Locum docs not brood in woods, 899 
Lomdakuini on precipitation, 463, noli 
on Tiber, 474 

on river embankments, 503, nod 
on clovai'on of bed of l'u, 507, nod 
Gulda alio Studio dolT Idrologia, 510, nod 
on inundations, 515, nod 
on Val dl Chtana, 534 
Lokzuhdy, cUmato of, 45C 

statistics of irrigation in, 459 
Louis IX. of Franco, mlsguidod domoncycf, 851 
Luxsaa trade of Quebec, SCO, nod 

the United States, 860, noli 
augmented consumption of, 856; noli 1 
Lunoebn, Lake of, lowering^ 488 


Madaoascab, gigando bird of, 188 
KAD&na, cultivation of, in 1% MU 
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Maooxonx, Lake of, importance of, m basin of 
rooeption, 409 

Maoxitodx, unit of, nature has non*, 145 
Maize, Acclimation of, 18, note 
Malta, transported soil of, 680 j 

Mam, reaction of, on nature, 8 

action of, on osganlo Ufa, 10, not « 

measurement of influonoe of, oncer* 
tain, 14 

destructiveness of, 88, 85, note ; 88-41 
tint conquests over nature, 88, note 
geographical action of, compared with that 
of brutes, 41 

physical improvement by, 44 
limits of his physical power, 45 
remains of, contemporary with mammoth, 
83, note 

agency of, in extirpation of fish, 101 

of aquatic animals, 105 
of birds, 110-189 

possible control of mlnuto organisms by, 
140 et aaqq, 

possible geographical ohanges by, 000 at aaqq. 
* Incidental effects of his action, 680 et aaqq. 
action of, illimitable and novor-ending ef¬ 
fects of, 048, 044 

Mabcztx of Lombardy, 401, note 
Mabemia, Tuscan, Improvements In, 588 el 
aeqq. 

Marshes, how far unhealthy, 158, note 
draining of, In Italy, 480 

United States, 487 
ollmatlo action of, 440 

insalubrity of mixture of salt and fresh water 
in, 587, note 

^Matches, Lucifer, 800, note 
Mechanic arts, illustration of their mutual 
Interdependence, 870, note 
despieod by anoient Ilomaus and in Middle 
Ages, 487, note 

not respoctod In Modern Italy, 487, note 
Mxdamos or dunos of the South American Do* 
ert, 001,008 

Msbxtxbramxar Sea, not rich in organic life, 
08 

sands of, 540 
tide# of, 504 

Mella river, change In oharaoter of, 804, note 
Mkkootti on Milo, 510 
MsrxonoLOOT, uncertainty of this science, 18 
nomenclature of, Tagus and equlvooal, 88, 
note 

XvniOAL vrvraM, Trench, objections to, 148, 
note 

Mmon, D—guadero at, 408, note 


Michigan, Lake, sand dunes of, 564 

sand dunes of, originally wooded, 579**0* 
diversion of its waters, 680 
Mixes, adits of, 403, note 
excavations for, 680 
depth of greatest, 081, note 
** fires in, 683 
Mzxzxo, effects of, 680 
hydraulio, 683 

practised by ancients, 089 
Mxramighx, great fire of, 87, note 
Mississippi, alleged increase in voluma of, 989, 
note 

discharge of, 472, 519, note 
delta of, 501, note 
lev6es of, 511 

cut-offs and their effect#, 514 
sediment of, 531, note ; 548, note 
precipitation in the vallvy of, 519, note 
Mutual, noticed by Diodorus Siculus, 106, note 
Monasteries, evil effoots of, 5, note 
Moose nssn, the American, rapid multiplica¬ 
tion of, 888, note 

Mouqax, L. H„ on the American beaver,.84, note 
Moxte Testaoczo, 041 
Mt. Cenis, excavations for, 408, note 
gunpowder usod in, 408, note 
Mosses and fungi, uses of, 883, note 
Mountain's as reservoirs of water, 815 
Mountain slides, tbolr cause, 884 
woods, as protection against, 890 
Mcshhooms, poisonous, how to render harm lass, 
894, note 

Natural Bbidoe In Virginia, disappearance a# 
river at, 478, note 

Natural forces, accumulation of, 48 
rrslstanoe to, 085 
Nature, its action on man, 7 
man’s reaction on, 8 
observation of, 11 
geographical stability of, 80-81 
restoration of disturbed harmonies of, 48 
nothing insignificant in, 048 
Netherlands, ancient inundations of, 404 
recovery of land by diking in, 404, 405 
extent of land gained from sea, 407 

lost by Incursion of aaa, 408 
charaotor of land galnod by, 409 
natural prooeaa of rsooveiy, 419-419 
method of oonstruotlon of dikes, 418 
modes of protection of ooasta in, 414, note 
affect ef diking on the level ed the land! 
415 

drainage, 415, note, * mqq. 
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effects on the social, moral, aadeoo- 
nomto interests of the people, 494 
coast improvement* in, M3 
•and dunce of, 681 

encroachments of tho eon on, 688 *t eeqq. 
artificial dunes in, 601 
removal of dunes in, 687 
NlLX, Its anciont state, 453, 454 
infiltration of water of, 476, not* 
artificial mouths of, 690 
inundations of, 616 
embankments of, 610 et eeqq. 
mud banks caused by its dopodts, 617 
discharge of, 610, note 
sediment of, 478, note; 634, not* 
sand dunes at its mouth, 664 
proposed diversion of, 631 
efforts of, 623 
oeramlo banks of, 641 
NOXXA torrent, 264, not « 

Norway, exports lumber to Indio, 805, not§ 
Numbers, misleading effects of too definite 
statement of, 283, not* 

Nuxueo transported by birds 112, not* 

Oak, tho English, early uses in tho arts, 810, not* 
openings in North America, 346, not* 

Onsan vatiok, power of, cultivated, 61-66 
Ouo, mounds of, 18 

remains of a primitive people in, 868. not* 
Oils, imi>ortance of, in modern oommsros, 63 
Old Would, physical decay of, 8 
former populousness of, 4 
proeont desolation of, 4 
its Cannes, 6 
ancient climate of, 16 
phyaioal restoration of, 48 *t Mff. 

Oxjyb tbke, the wild, 61, not* 

Importance of, 836, not* 
cultivation of, in Italy, 840, not* 

Obavok, whon first known In Europe, 66 
Orchids, fertilization of, by insects, 132 
Oroasuo life embraced In modern geography, 
66 et eeqq. 

its geological agency, 80 et eeqq. 
geographical importance of, 82 
Oboamisms, minute, Importance of, 140-144 
Ostrich, the, diminution of its numbers, 133 
Ottaquxcbxk river, Vermont, transporting 
power of, 275 

Cm, tho American, voracity of, 106 
Other, the, transplantation of, 100 

VdumMi, indent tsrrace ooltare aad Irriga¬ 
tion of, 460 


disastrous effects of its ncgloct, 451 
Palsssy on artificial springs, 484 et eeqq , 
Pabaorandinx, of Lombardy, 154, not* 
Pabamklle, the Abbd of, on fountains, 474 
Paulowma, rapid growth of, 806, not* 

Pxat unknown as fuol to Orooks, and 

High Oormon tribes, 29, not* 
used andontly by Low German tribes, 29, 
note 

Prat mosses of North Sjaelland, fossil wood 
in, 31, not* 

Prcoju, river of the hforemma, its deposits, 538^ 
not* 

Pkkouxn, destruction of; 124, not* 

Pane, anciont progress tr. the arts, 448 
basins of reception in, 400 
Petra, water at, 466, not* 

Petbolet it, quantity of, 40, 838, not* 
asoent of, in artesian wells, 478, not* 
Phosphorescence of the sea, not noticed by 
ancients, 104 

Physical decay of the earth's vurfsoo, 8 si e*qq m 
il> causes, 5 

forms and formations predisposing to, ft! 
arrest of, in now countries, 44 
Physical oeoorafhy, study of, rsoommsnded, 
13 

Physical improvements, important, chapter 

on. 809-642 

Physical uestouatxom of disturbod harmonise, 

31 

of tho earth, 44 *t eeqq, 
ot the Old World, 44 

Pine, tho American, former ordinary dimensions 
of, 330 

tho white, rapidity of its growth, fSO, not* 
umbrvlln, tho most elegant of treoa, 836 
tho maritime, on duno sands la Fraoos, 887, 

» 666, COO 

how affcctod by aocldonts of its growth, 862 
Purus cehdra of Switzerland, 336 
Pisciculture, its valuablo results, 99 
See Fl*A. 

Plants, cultivated, uncertain identity of indent 
and modern, 19 

changes of habits of, by domestication, 21 
geographical Influences of, 68 
domestic, origin of, 58, 59 
mode* of introduction o^ 65 
accidental Introduction of, 68 
how affootod by transfer, GO 
tenacity of life in wild apoolsa, 69 
power of accommodation of, 79 
foreign, grown in Uni tod States, 71 
American, grown in Europe^ 76 
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extirpation of, 78 
wild American, extirpation of, 18 
Po, aodimout of, 276-284 

floods of, in 1878,878, note 
embankments of, 607 et sew* 
geographical choraoter of, 607, note 
inundations of, 600, note 
discharge of, 618, note 

Ponds, objections to draining, in Oatholio conn* 
tries, 688, note 

Powdeb, consumption and uses of, 408, note 
Pbaxbxxo, character and origin of, 800, note 
Fuczrrr ation, absorption of, by earth, 81, 816, 
note 

in tho United States, 817, note 
In Lombardy, 468, note 
extraordinary, at Genoa in October, 1878, 
878, note 

how much lost by evaporation, 478 
plans for economising, 487 

Quadrupeds, domestic, origin and transfer of, 
,, 80,87 

domostlo, number of, in the United States, 68 
wild, number of, in the United States, 88 
extirpation of, 03-00 
Quaujues, extent of, 408, note 
Quebec, high tides at, 800, note 
lumber trade of, 800, note 

Babbit, injurious in Australia, 80, note 
Railways, sclontldo usos of, 68, note 
consumption of timber by, 866 
Raze, summer, how far lost by evaporation, 818 
Raze water, Its absorption and infiltration, 474 
economising its precipitation, 487 
Ravenna, oathedrml of, 08, note 
Red Sea, richness In orgonlo life, 08 

diversion of tho Kilo to, ite effect, 081 ' 

Reptiles, utility and destruction of, 185 
RxsEBVoins, natural subterranean, 474 
as remedlos against inundations, 408 
natural, 404 

RsvxntloVs organisation of dona aoonomy in 
Don mark, 686 

Revolution, French, influents of, on woods, 864 
Rhine, discharge of, In flood, 837, note 
ordinary discharge of, 518, note 
sediment of, 548 
diversion of, 684 
Rhone, dlsoharge of, 618, note 
Run, cultivation of, unhealthy, 487 
climatic limits of, 488, note 
introduced Into Europe by Boon, 488, note 
RoTErfs opinion on Egypt erroneous, 466, note 


Bivens, fertilising slime of, 844, note 
origin of, 808, 606, note 
transporting power of, 874 
sodlment of, ite extent, 875 
injury to fchoir banks by lumbermen, 864 
underground and submarina, 478, note 
lntercommunlcatiou of, 487, note 
dlvorslon of wator from, effoota of, 488, note 
effect of obstructions in, 606, note 
confluence of, effect on the ourrent below, 
606, note 

great, proposed diversion of, 884 
Rzveb beds, natural change of, 488 
artificial ohange of, 488 

in Egypt, 408 
in Italy, 498 
in Switzerland, 600 

Riven deposits. 604 

of the Po, 879, 606, note 
of the Nile, 636 
of tho Tuscan rivers, 535 
Riven embankments, 601 
their offocta, 603 

Riven mouths, obstructions of, 628 
aoceloratcd by man's influenoe, 688 
effeot of tidal movomonts, 684 
Robin, the American, voracity of, 131, note 
Roce, generally pormoablo by water, 866, note 
cuttings in England, 408, note 
■oil bonoath, 688 
covering with earth, 638 
Roman Campaona, insalubrity of, 447, note 
Roman Emfibe, physical advantages of its tw* 
ritory, 1 

phynloal decay of its territoiy, 8, 5 
causes of this decay, 6, 7 
Rome, oommoroe of, passive 05, note 
objects of, 06, note 
Insalubrity of, 168, note 

Romans sod Greeks, greet material works of, 488 
contempt for artisans and engineers, 488 
Roots of trees, Influenoe of. on drainage, 948 
Robey's plan for diminishing inundations, 618 
Rubbish heaps In Egypt, 641 
of Monte Testaooio, 641 
Rude tribes, continuity of arte among, 17 
commerce of, 18 

relations to orgsnio life and nature, 88, note 
Russia, diminution of forests in, 884 

diminution of forests In, effeot of, on rivers 
and lakes, 885, note 

attempts to rsolaim the sanda, 608, note 

Sacramento Cm, effeot of river dike at, 
608, note 
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Salt, waste of, 87, not* 

potrilbilit/ of washing out from land, 488, 
note 

Band, chapter on, 645-605 

quarts grains mo«t abundant in, 545 
of desert, generally derived from upheaval 
of sea-bottom, 546 
how formed at present, 546 
generally of ancient formation, 547 
of coast of Franoe and Denmark, 547, note ,* 
661, note 

how carried to the sea, 548 
of Sinai tie Peninsula, 548, note 
of Northorn Africa, 650 
of Egypt, 652 

drifting, movement of, 668, note 
polishing action of, 653, note 
storms, exaggerations respecting, 664 
dunes and Band plains, 668 
plains, inland, G03 
of Belgium, 607 
of eastern Europe, 608 

Sandal-wood, extirpation of, in Joan Fenian* 
doz, 883, note 

Band-banks, structure of, 665 
marine, 6G5 
SAMD-srniMoa, 605 

Bandstonb of Arabia Potnoa, 546, not* 
originating In dnnos, 674 
Bap of maple and birch, 164 
Sabos, projected canal of, C15 
Bavacs twees, arts of, 17 
commerce of, 18 

intorfore little with nature, 88, not* 
first domesticate wild animals, 88, not* 
sympathy of, with animals, 88, not* 
Sawmills, whether action of their machinery 
more rapid by night, 808, not* 

Bobble, the extirpation of, 83 
Bcblkxden, on exhalation of aqueous vapor by 
trcoa, 188 

Bcbleswxo-Houtexv, encroachments of sea on, 
686 

Ssa, exclusion of, by dikes in Lincolnshire, 408 
enoroaohmants of, 633 et seqq, 

the Ltimf jord, 563 
in Schleswig-Holstein, Hoi* 
land, aud Franoe, 585 
6sa*cow, Stellar's extirpation of, 105 
Beal found far from the sea, 00 
voracity of, 106 

Bedtuent, river, geological importance of, 800, 
not* 

Bum, transportation of, by birds, 111 
vitality <4,906-996 


Seine, ancient uniformity of volomo of, 286, not* 
ordinary and flood discharge of, 236, not* 
affluents of, 471, not* 
supply and discharge of, 472, not* 
Sxupckth, multiplication of, in Franoe,126, not* 
human lives destroyed by, in Indio, 126, stole 
Shake, fishery of, 105, not* 

Shelter afforded by forests, 156*150 
Ship-dcudzmo of tho Middle Agoo, 821 
Szseexa, lco ravines in, 174 
Szcxly, culphur mines of, 70, nolo 
olivc-oll crop of, 830, not* 

Sxlkwgzm, new, Introduction into America, 196 
Selphium, extirpation of, 77, not* 

Sinai, Mount, rain torrents at, 477, not* 
production of sand in peninsula o^ 548 
garden of monastery at, 620 
Szxmonz, on action of woods on springs, 296 
Buses, mountain, 234-280 
Blzkx, river, fertilizing qualities of, 944, not* 
Surra, Baird, on irrigation, 460, not*; 468, not* 
Snakes destructive to insoots, 125 
tenacity of spocics, 126 
number of, 123, not* 

Snow in tho woods in winter, 208, 215, 926 
and lco, condensation of moisture by, 910 
cruet of, how formod, 910, not* 
thaws tho ground bonoath it, 910, 981 
plante grow under, 212, not* 
temperature of, 212, not* 
quantity of, in woods, 218 
and lea, accumulation of, in mountains, 91& 
not* 

Soil, oooular dcsiooatloa of, 90, note 
new, favorablo to growth, 90, not* 
amount of thonnoscopio action on various, 
107 

mechanical effect of shaking,In Netherlands, 
415, note 

effect of frost on, in United States, 416, not* 
Solab BEAT, utillratlon of, 40, note 
action cf, on stone, 661, note 
Sound, tranwjiwibttity of, 160, note 
Spain, neglect of forest culture In, 806 
Sfuznoo, artificial, 482 

Squiduel, destructiveness of, in forests, 85, note 
Stablxxo, habits of, in Piedmont, 195, note 
St. Helena, flora of, 66 

destruction of its forests, SS3, note 
6tonb implements, modem use of, 17 
Stobk, anoodoto of a, 114, note 
geographical range of, 119, note 
Bubtszuunbah watssi, their origin, 460 
of the Kant, 470 , note 
| of Oreeoiv 470 , note 



■on rota of supply, 478 
reservoirs and currents of, 474 
diffusion of, In soil, 474 

Buss canal, effect of, on the Mediterranean and 
Red Boa, 87 

excavations for, 408, note 
danger from sand drifts, 654 
Buoam-cank, introduction of, Into Europe and 
America, 76, note 

Scoab-maplk take, produoe of, 164 
Sunflower, effect of piantation of, 167 
Bwallow, popular superstition respecting, 688 
Switzerland, ancient lacustrine habitations, 
Ifl, 77 

Stlt Island, sand dunes of, 668 

encroachment of the aca upon, 668 
Sylviculture, beat manuals of practice of, 
868, note 
its methods, 878 
the talllte treatment, 874 
tho futate treatment, 874 
beneficial effects of irrigation iu, 876 
« f ^omoval of loaves In, 870 
exclusion of animals, 869, note 

Taouataoa Lake, Chill, draining of, 488, note 
Temperature, how offooted by elevation, 58, 
note 

Tebkdo, the general diffusion of, 187 
Termite, or white ant, ravago* of, 187 
Thbeshino machines, eaving by, 86, note 
Tiber, subterranean resorvolrs in vnlloy of, 474 
Tick, wood, disappearance of, in North-eastern 
States, 184, note 

Timber, Increased demand for, 866 

of natural growth, inferiority of, 869 
Torrents, destructive action of, 946 
In South-eastern Franoo, 946-966 
deposits of, in bods of rivers, 887, note 1 
In tho Himalayas, 908, note 
excavations by, 908 

action of, in elovating tho bod of streams, 864 
of the Nautscnthal, 907 
of tho Litznerthal, 907 
whether origin of rivers, 968 
extinguished, Mi) 
crashing force of, 971-974 
danger of, In the United States, 898 
Tots, children's, consumption of wood for, 866, 
note 

Transportation, faeilttiee of, effoot of, on oom* 
moree, 66, note 

Tun, forest, ■iioocusion of species in, 18, note 
how far injured by small animals, 88, note 
Impravearat of, by cultivation, 6^ note 


evergreen, powor of resisting frost, 176, nolo 
how far they Interrupt precipitation, 181, 
note 

absorption of vapor by. 168 
absorption of moisture from the earth by, 186 
exhalation of moisture by, 18IM91 
drain ftgo of soil by root! of, 908 
evergreen, alleged destcoatory action of, 807, 
908, note 

names of, vaguely appliod, 808, noli 
rapid growth of, In Italy, 818 
forest, American, 830-884 
their dimensions, 831 

ohango in rclativo proportion of height and 
diameter, 831 

comparative longevity of, 883, note 
American compared with European, 884-849 
destruction of ovorgroon, for dooorative pnr> 
poses 867, note 
hill plantations of, 879 
powers of resisting action of fire, 384, note 
planting of, on sea-ooast, 889 
Trieste, proposed supply of water to, 470, note 
Tnocrr, tho Amerioan, 90,108 
Tunnel of ML Oonls, statlstloe of, 408, note / 
400, note 

of Lake Copals, 497 

Turtles’ eggs, destruction of, 108, note 
Tuscany, rivers of, tholr doposlts, 696 
physical restoration in, 697 
improvements in the Marerams, 698 

Val di Chians, 688 

Tyrolese rivers, elevation of their beds, 966, 
note 

Undulations of water, 660 
United States, foreign plants grown in, 68 
wolght of annual harvest In, 78 
number of quadrnpods In, 87 
birds in, 118 
forests of, 897 
instability of Ufe In, 806 
Uxue or aucrochs, domostioated by man, 88 
oxtirpation of, 96 

Val di Chiaxa, improvements in, 639 et eeqq. 
Vapor prevents escape of heat by radiation, 178 
oondonsatlon of, by enow and ioe, 909 
and oloud attracted by mountains, 916* note 
Veoetablk uric, how affootod by animals, 88 
Vkobtarlk*, oolUvated European, not Indigo* 
nous, 9 

acclimation of, 16 
geographical importance of, 48,44 
meiersniofllnal aot lon of, 63, note 
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domcstlo origin of, 50, 60, not* 
modification of, 60, not* 
improvement of, by cultivation, 50, not* 
early garden, sent from Algorla and Naplo* 
to Northern Europe, 65, not * 
transfer cf, 64, not* 
forolgn, how introduced, 65-67 
power of accommodation, 70-73 
American, grown in Europe, 70 
extirpation of, 70 

indigenous, dying out In America, 70 
Vesuvius crater, woodod inside, 150 
Vine, In what countries indigenous, 71, not* 
dimensions of, 71, nota 
European, introduction of, into America, 71 
injury to, by jMinudtcs not economically in* 
jurious to vino-grower, 70, not* 

Viper, multiplication of, in France, 126, not* 
Volcanoes, eruptive matter of, not iufortile, 150 
roxlstanco to action of, 637 
Volqa, proposed diversion of, 621 

WalchE ntry, formation of the island of, 411 
Wallenstadt, lako of, diversion of Hhlne into, 
€24 

Wax.nct tuf.k, oil yielded by, 837, not* 
consumption of, for gun-tocks, 856, not* 

Wa rd*s cams for plants, 188 
Wab, Instrumentalities of, applied to social and 
civil purposes, 406, not* 

Waite, modem mode of economising, 85, not* 
Water, chapter on, 808 *1 uqq, 
land won from, 808 
subterranean, 4 ill I el *eqq, 
infiltration of, 46:), not * 
fresh on sea-beaches, 477, not* 
not found at great depths in boring, 480, not* 
Weather, action of man upon, 684 
Weeds, common to Old and New World, 72 
extirpation of, in China, 78 
WELLS. Bco At Leah in Well*. 

tubular, 476, vote 
Whale, fond ,,f. 103 
destruction of, 10-1 

Whale-fishery, a hen first promised, 102, not* 
American, 1U3 

Wheat, its asserted origin, 59 

bow introduced into America, 68, not* 
Wild animals, numbers of, 83 
Wild onoANic life, superior haMlneea of, 78 
Wxneler, work on dunes, 646, not* 

WOLF, increase of the, 01 

provalenoo of, in forests of 7mnoc,818, not* 
Woods, nntlvo American, permanent character 


generally, Chap. ITT., 143 
general meteorological action of, 153 
electrical influcnoo of, 153 
whether prevontivo of hall, 153 
chemical Influcnco of, 155 
of Australia and Now Zealand, 155, not* 
as protection against malaria, 156 
in Southern Hemisphere overgroon, 150, not* 
os a shelter of ground to tho looward, 150 
as Inorganic matter, influonoo of, on tom* 
peraturc, 1C7-171 
spceille remperatnro of, 173-177 
evaporation from earth of, 181, not* 
cxludatlon of vapor by, 176 
intercepting rain by follugo of, 180 
organio action of, 183 
balan< o of conflicting Influences of, 101 
iniluenco on precipitation, 163-107 
on humidity of soil, 303 
in winter, 208-215 

influence of, on flow of springs 018 
on Inundations and torrents, 331-236 
mechanical roslstanoo of, to flow of water, 
S35 

effect of, in disintegration of soil, 841 
influence of, on drainage, 342 
protection against avalanches, 800 
minor uses of, 808 

utility or, in preserving small plants, 803 

protection against locusts, 21)0 

summary of influences of, 309 

general confluence* of dcstruotlon of, 800 

proj>cr proportion of, 303 

in different countries, 304 *t **qq, 

in Great llrifatn, 307-813 

in Franco, 313-318 

in Scotland and Egypt, Oil 

Southern France, 813 

legislation on, in Franoo, 818 

in Italy. 318-323 

in Hu«-t!a,32i 

in American States, 828 

do not furnish food for man, 843 

first removal of, 844 

burning over for agricultural purposes, 845 
principal causes for destruction of, 846 
affected by game laws and French revolu¬ 
tion, 849-853 
restoration of, C06 
management of, 867 
cultivation of, 871-870 
injured by removal of loaves from ground, 
891 

destructive notion of oattle on, 882, not*' 
flies in, 884-868 
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plantation of, In TTnltod State*, 888 
legislation on, 880-800 
rule* for planting In, 899 
economical rocnlta of, 898 tt —qq. 
profit* of, 894 
increased demand for, 860 
oonramptlon of, a* fuel, 867, note ; 857 
replaoed by iron in the arts, 867 
tnoons of increasing its durability, 868, note 
quality of, how affected by rapid growth, 
870, note 


facilities for working, 870, note 
Woodfxcus, red-headed, disappearance of, 
from Eastern States, 140 
destruction of In soots by, 188 
Worms, earth, useful to agrloulturlsta, 180 

Y*w tubs, geographical range 78 

Zuxdzbzxz, proposed draining of, 488 
geographical result#, 485 




